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PREFACE 
The development of the national model of crop production in Thailand 
is the result of a joint effort by staff members of the Division of 
Agricultural Economics and by the Iowa State University team. This 
national model could not have been developed without the prior efforts 
of many individuals. Those efforts include previous assistance provided 
by the United States Agency for International Development in Thailand 
before the current project began. The leadership of Dr. Somnuk Sriplung. 
Director of the Division of Agricultural Economics in Thailand, has been 
a crucial element in the sector analysis project. The staff members of 
the DAE had developed and administered a general farm survey before the 
current sector analysis project began. 
Dr. Earl 0. Heady devoted considerable preproject time to developing 
the project and program work and continued to contribute advice and guid-
ance throughout th~ project. 
Iowa State University team members Keith Rogers and LeRoy Blakeslee 
and numerous DAE staff members worked as a single team to define,analyze 
and initiate the work program for the construction of the programming 
models in each of the 19 agroeconomic zones. Transportation and proces-
sing costs were estimated by the DAE group assisted by Dennis Conley. 
The principal policy issues analyzed in this study were developed 
under the responsibility of the policy advisor, Charles Framingham. The 
assistance and cooperation of Dr. Framingham were essential in carryihg 
out this study. 
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Encouragement and administrative support were provided by Dr. Fletcher 
Riggs and Mr. David Lundborg of the United States Agency for International 
Development in Thailand. 
Arthur Lo Stoecker 
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SUMMARY 
The purpose of this report is to provide a semi-technical 
description of the crop model, the assumptions and the results of a 
study which provided guidelines for Thailand's Fourth Five-Year Agricul-
tural Development Plan. The study was undertaken as part of a cooperative 
agricultural sector analysis effort between the Division of Agricultural 
Economics (DAE) and Iowa State University (ISU). The DAE is not a policy-
making group but rather a policy research group. The DAE staff members 
maintain close contact with the decision-making groups in the Royal Thai 
government. 
The DAE-ISU staff members worked as a team to define and develop 
linear programming models which describe crop production practices used 
by farmers in each of 19 agroeconomic zones of Thailand. The national 
crop production model of Thailand was then constructed by using the 19 
agroeconomic zone models as building blocks. This national model con-
sists of 4 spatially linked consuming regions. Resource supplies are 
identified and production processes are estimated for the wet and dry 
seasons within 5 land classes within each of the 19 zones. The crop pro-
duction processes defined include both the current practices used by 
Thai farmers and improved practices which are justbeingextended to Thai 
farmers. 
The study is primarily concerned with the productive capacity of Thai 
agriculture relative to food needs of a growing population and relative 
v 
to alternative levels of exports. Problems of income and employment are 
further compounded by a declining area of unexploited croppable land. 
The specific yield-increasing technologies available to or which 
can be influenced by the Thai development planners are the land areas 
brought under irrigation, the areas planted to higher yielding varieties 
of rice, and the amount of fertilizer applied. Various assumptions about 
the amount of irrigation area receiving water and the adoption of new rice 
varieties are specified and studied relative to alternative market con-
ditions. The alternative market conditions reflect different rates of 
population growth and levels of exports. There are three assumptions with 
respect to land, growth of population in agriculture, and institutional 
credit which are maintained throughout the study. These maintained 
assumptions are as follows: 
1. The agricultural labor force will increase at 2.8 percent per 
year while the population in agriculture increases at the same 
rate as the total population. 
2. The agricultural land base will not expand beyond the area 
currently in farms. The forest area now in farms will be avail-
able for upland crop cultivation. 
3. Institutional credit will be available to farmers at a 12 percent 
annual rate of interest. 
The seven alternative combinations of market or demand situations 
and level of achievement of development targets considered in the study 
may be briefly stated as: 
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Solution A "optimistic," high export markets, low population growth, 
maximum targets achieved for irrigation, fertilizer use and adoption 
of new rice varieties; 
Solution Bl "medium," medium export levels, medium population growth, 
medium target achievement for irrigation, fertilizer use, adoption 
of new rice varieties; 
Solution B2 "medium," same as Bl except income constraints show production 
pattern to increase income in Northeast by 2,000 baht per household; 
Solution C Same as Solution A except that population grows at 2.8 
percent per annum; 
Solution D 
Solution E 
Same as Solution A except that export markets are low; 
Market conditions same as Solution A, irrigation area does 
not increase over current level. Maximum adoption of new varieties 
and fertilizer use is achieved; and 
Solution F "pessimistic," market conditions are the same as Solution A. 
Irrigation area does not increase, fertilizer use per rai remains 
at current levels, adoption of new varieties at trend rates. 
The results demonstrate that moderate increases in either the area 
receiving irrigation and(or) substantial increases in the use of fertilizer 
and the plantation of new rice varieties must occur if the high rice ex-
port target is to be maintained. The high rice export target is 1.7 
million tons of paddy. The "high" level of exports is defined as 1.7 
million tons. The corresponding production target of 16.1 million tons 
(278 kg per capita plus 2.7 million tons for export) could not be met 
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with no increase in fertilizer use per rai, with trend levels of fertilizer 
and new rice variety adoption (Solution F) . The 16 .. 1 million tons produc-
tion target can be met with no increase in irrigation area (Solution E) 
by increasing the area planted to RD rice varieties by 10.6 million rai; 
the area receiving fertilizer by 4.5 million rai; total fertilizer used 
on rice by 409,000 tons; and the rate of fertilizer application by 18 kg 
per rai over the corresponding levels in B.E. 2513-18. 
Under the optimistic situation in Solution A, if the area receiving 
irrigation water was increased by 11.3 million rai by B.E. 2524, then 
16.1 million tons of rice could be produced by increasing the area ferti-
lized by 3.8 million rai, the rate of fertilizer application by 8 kg, 
and the area planted to RD rice varieties expanded by 5.5 million rai 
over the corresponding levels in B.E. 2513-14. 
Solution B (medium demand and development) shows that a slightly 
smaller rice production target (15.8 million tons) could he achieved if 
the area receiving irrigation water was expanded by 4.7 million rai; 
the area planted to new rice varieties was increased by 7 million rai; 
the use of fertilizer on rice increased by 239,000 tons; and the ferti-
lizer application rate was increased by 10 kg per rai over the levels in 
B.E. 2513-14. The total rice area receiving fertilizer would have to be 
increased by 3.7 million rai over B.E. 2513-14 levels. 
If the population increases by 2.8 percent per year, Solutions A 
and C show that by the year B.E. 2524 (1981) it would be necE:f:.~~~ry to 
increase fertilizer use on rice by 55,000 tons; the area fertilized in-
creased by .2 million rai; the rate of fertilizer application increased 
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by 3 kg;and the rice area planted to RD varieties by .2 million rai over 
that which would be required if population growth declined from 2.5 to 2.1 
percent by B.E. 2524. 
If exports were only 1.9 million tons of paddy (Solution D) rather 
than 2.7 million tons of paddy (Solution A), the fertilizer use targets 
for Solution A would be reduced by .4 million rai fertilizer and 4 kg per 
rai, respectively. The total fertilizer requirements would be 69,000 tons 
less for the low rice export target than for the high. 
The results indicate that problems of underemployment and unemployment 
will remain given any of the alternatives specified in this study. The 
utilization of labor available for crops during the peak month (December) 
is shown to vary from 66 percent in a low irrigation situation (Solution 
E) to 72 percent in a medium irrigation situation with stimulated upland 
crop production in the Northeast (Solution B2). Considerable seasonal 
underemployment will also continue. The estimates of the proportion of 
total hours of labor which are available for crop production being used 
vary from 39 percent under a low export situation to 43 percent under a 
high export situation. These estimates of underemployment do depend on 
assumptions made about the growth of the agricultural population. If 
the members of the agricultural households increase by 3 percent per year, 
the nt~ber of days of employment per household is expected to remain 
nearly constant. If the investment climate is sufficient to maintain the 
historic growth in nonagricultural employment so that agricultural house-
holds increased by .8 percent per year, then the number of days of employ-
ment per agricultual household could increase by 60 so that the 
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estimates of underemployment in B.E. 252~while still considerable, 
would be less than for B.E. 2513-14. 
Regional differences in income per farm household will not be 
reduced if development for rice production is concentrated in areas of 
Thailand which tend to have the highest rates of return. Solution 82 
shows that it is possible to insure moderate positive sum gains for the 
average farm household ($50 per household) with only moderate loss in 
the income for the average Thai farm household. However, complete 
equalization of the average income per farm in each region is not possible 
given the technology and migration assumptions of the study. 
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I. INTRODUCTION 
This document is a companion to "Agricultural Development Planning 
in Thailand: Some Supporting Analysis" which was prepared by the Division 
of Agricultural Economics Ministry of Agriculture and Cooperatives and 
the Iowa State University team as part of the answer to a request by 
the National Economics and Social Development Board, Office of the Prime 
Minister, Royal Thai Government [Framingham et al., 1977]. 
The purpose of this document is to provide a more detailed and 
technical or academic description of the assumptions, models, and results 
which support the policy implications contained in the policy-oriented 
Agricultural Development Planning ... document mentioned above. 
This document will review the relationship between policy makers 
and the modeling group, review the nature of issues assessed in this 
study, describe the structure of the model, and examine the results 
obtained. 
2 
II. RELATIONSHIP BETWEEN POLICY 
MAKERS AND THE MODELING GROUP 
The Division of Agricultural Economics (DAE), Office of the Under-
Secretary of State, Ministry of Agriculture and Cooperatives, is continu-
ing to expand its policy analysis capability. The kingdom-wise model 
of agricultural production and transportation is a core part of the agri-
cultural sector analysis project. 
The agricultural policy makers in Thailand are viewed as having 
control over policy variables which influence agricultural production, 
farm income, consumer food prices, employment, agriculture's contributi011 
to the balance of payments, revenues from indirect taxes, rural-to-urbAn 
migration, etc. The policy variables include policies on land and water 
use, import and export taxes or subsidies, farmer credit, project invest-
ment budgets, and agricultural price support or price stabilization 
policies. 
The policy research group works within general guidelines or on 
specific policy issues. The function of the policy research group is to 
assess the probable impact of specific policies or sets of policies on 
the above-mentioned agricultural and nonagricultural variables. 
The interaction between the policy proposals or guidelines and the 
policy research group is shown in Figure 1. For the policy research group, 
the analysis begins with a set of policy objectives, existing programs. 
admissible proposals and a model of the economy. The economic modeling 
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process provides a consistency check between the policies themselves and 
between the policies and the remaining physical, economics, and environ-
mental constraints of the system. The policy set for a particular solu-
tion is incorporated into the economic models by adding the appropriate 
variables or constraints. Each item in the policy set must be formulated 
in the model so that the policy set affects the model in the same way the 
implemented policy affects the economy. For example, the maximum loan 
capacity of institutions must be entered as a constraint in each agro-
economic zone. The export price of rice which is entered in the model 
must be consistent with the world price of rice, international freight 
rates, the rice premium, and domestic handling charges. The area in irri-
gation projects scheduled for completion by the specified target date is 
added to the existing irrigated land base. Policies regarding the allo-
cation of land between agriculture and forest uses are reflected in the 
supply of agricultural land in each agroeconomic zone .. 
As shown in Figure 1, the policy analysis need not begin at the 
national level. In the case of proposals dealing with specific regions 
of Thailand, it is judged more efficient to begin the analysis with re-
gional or agroeconomic zone models. When the modeling does begin at the 
national level, it will usually be desirable to conduct further analysis 
at the regional level, at the agroeconomic zone levels, or in specialized 
models, such as those for transportation and marketing or for representa-
tive types of farms. Complete analysis of certain types of policy may 
involve interactions between several typEs of economic models. 
5 
The DAE was asked by the National Economic and Social Development 
Board to develop a series of guidelines for the agricultural part of the 
Fourth Five-Year Plan for Thailand. After the dialogue between the policy 
and the modeling staff was completed, the principal issues which could 
be addressed by the programming model of crop production were summarized 
as follows: 
1. The adequacy of the productive capacity of Thai agriculture 
to meet expanding export markets and increased domestic consumption needs 
over the next five-year period if the policy of limiting the area in farms 
to current levels was enforced. 
2. The effect of the completion of irrigation projects in progress 
on 12 million rai over the next five years on agricultural income, employ-
ment, and productive capacity. 
3. The effect of, and the incentive for, increased rates of 
adoption of new varieties of rice and fertilizers. 
4. The expected levels of future farm income and employment. 
5. The effects of alternative rates of population growth. 
6. The future requirements for agricultural credit. 
Planners face several types of uncertainty. In the present situation, 
two of the major uncertainties include world conditions which influence 
export marke.ts outside Thailand and the degree of programs for agricul-
ture or related to agriculture. The assessment of possible impacts from 
alternative programs and the levels of program attainment was made by 
obtaining seven solutions from a national linear programming model of 
crop production. Each of the solutions was designed to show the effects 
6 
of achievement or nonachievement in programs for population control, 
irrigation, crop promotion and fertilizer use in combination with possible 
levels of exports. 
The crop model was set up to represent conditions in B.E. 2524 (1981) 
which will be the end of the Fourth Five-Year Plan period. The national 
parameters for the following seven solutions are summarized in Table 1. 
The main assumptions for each solution were: 
A Solution A represents an optimistic view of program success 
and export market potential. It is assumed that all program 
targets specified in Table 1 are obtained and that Thai exports 
reach "high" levels. The "high" export levels are shown in 
Appendix Table A-1. 
Bl Solution Bl represents conditions where medium levels of success 
are achieved in all areas. The export levels are assumed to be 
medium. It is assumed that population growth rate slows to a 
medium level (2.5 percent) by 1981. The levels of irrigation 
project completion are also assumed to be medium. Similarly, 
it is assumed that fewer farmers adopt RD varieties and smaller 
amounts of fertilizer are applied to each rai of paddy land 
receiving fertilizer than in Solution A. With Solution Bl, 
planners assume a higher level of domestic consumption, lower 
level of export demand, and a smaller productive capacity than 
for Solution A. 
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9 
B2 The parameters for Solution B2 are the same as for Bl except 
that it is assumed that a policy to increase annual incomes in 
the Northeast by approximately $50 U.S. per household through 
expansion of upland crops has been adopted. Alternative B2 was 
added to the solution set after solutions to the remaining alter-
natives showed that a strict economic efficiency criterion would 
shift production out of the Northeast, thus creating high levels 
of unemployment and potential for mass out-migration. 
C The model assumptions for Solution C were the same as for Solution 
A except that population growth is assumed to continue at a high 
rate of 2.8 percent per year through 1981. All other program 
levels except the population targets are assumed to be reached .. 
High export levels are assumed. 
D The model parameters for Solution D are the same as for Solution 
A except that only "low" levels of connnodity exports are assumed 
possible. All other development targets were assumed to be 
obtained. 
E Solution E represents a situation where export potentials are 
high and population growth rate low, but the areas receiving 
irrigation water and planted to RD varieties are assumed to re-
main at current levels. 
F Solution F represents a situation with no increase in technology 
or productive capacity over current levels. Population growth 
rate is assumed low and export levels are assumed to be high as 
in Solution A. 
10 
III. STRUCTURE OF THE NATIONAL 
CROP MODEL 
In this section the general structure of the programming model of 
crop production is discussed together with a brief description of the 
changes made to the basic model between solutions. 
For planning purposes, the 71 Changwads have been grouped into 19 
agroeconomic zones as shown in Figure 2. In the current model, the 19 
agroeconomic zones have been grouped into 4 consuming regions for the pur-
pose of measuring supply and demand relationships for each agricultural 
commodity. 
The agroeconomic zones in each consuming region shown in Figure 2 
are: Northeast (zones 1, 2, 3, 4, and 5), North (zones 6, 8, 9, and 10), 
Central (zones 7, 11, 12, 13, 14, 15, and 16), and South (zones 17, 18, 
and 19). 
In the production component of the national crop model, the technical 
production coefficients are defined at the agroeconomic zone level. First, 
linear programming models with monthly detail on land, labor and capital 
use were constructed for every agroeconomic zone. The structure of a 
typical agroeconomic zone model is shown in Figure 3. The agroeconomic 
zone models are the building blocks for the national and regional models 
of agricultural production. Results from the regional model of the North-
east and from the agroeconomic zone models in the Central Plain have been 
presented in previous papers [Rogers. 1975; Sakidee, 1975; Khatikorn, 1974]. 
11 
THAILAND 
Figure 2. Thailand's agricultural zones and consuming regions 
as specified for analysis and plan formulation. 
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The structure of the national crop model is shown schematically in 
Figures 3 and 4. The model contains between 350 and 450 equations, de-
pending on the particular policy set being analyzed. 
The current model of crop production does not contain price dependent 
demand relationships. The fixed point demand projections used in the cur-
rent model are based on per capita demands, income elasticities, assumed 
income, and population growth rates. Fixed point demands were also used 
for all agricultural exports rice and maize. For rice and maize, exports 
were allowed to vary up to a specified maximum at a constant price. 
Variables and the Objective Function 
The model shown in Figure 3 may be formally stated as: 
Maximize LE.P.- """"c .x. 
. l l ~~ ZJ Z]tS 
l z J 
-~')\ K L; ~ zks zks 
(1) 
c f. d c f. d 
where: 
E. is the amount of product i exported at price P.; 
l l 
X . is the level of production process j in zone z on land type t 
ZJ ts 
in season t; 
C . is the variable cost associated with production process j in 
ZJ ts 
zone z on land type t in season s. The variable cost includes 
farmer-purchased inputs and processing plus assembly and ship-
ment to the region shipment point; 
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K is the amount of capital borrowed from source k, in zone z 
zks 
in seasons (k = 1, 3; s = 1, 2); 
b is the interest charge on money borrowed from source k, in 
zks 
zone z for the duration of season s; 
T d' is the amount of commodity i shipped from consuming region c 
c l 
to consuming region d (c, d = 1, 4; c I d); and 
S d' is the line haul cost of shipping one unit of commodity i 
c l 
from consuming region c to consuming region d. 
Subject to: 
Land constraints: 
Lx . < LD 
. z]tS - tsz 
l 
t 1' 5; s 1, 2; and z 1, 19 (2) 
LD is the quantity of land type t in season s and zone z which 
tsz 
is available for production of the crops in the model. 
Labor supplies: 
where: 
La . X . < LB 
. ZJ ts ZJ ts - zs 
J 
s = 1' 3 (3) 
a . is the number of hours of labor required per unit of process ZJ ts 
X · and 
zj ts' 
LB is the supply of labor available for crop production in zone 
zs 
z in season s. 
Capital supplies: 
"" q . X . - K k - FC ~ Z]tS Z]tS Z S ZS 
J 
0 (4) 
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where: 
a . is the amount of short-term capital required for production 
ZJ ts 
process j in zone z, land t, in season s; 
K is the amount of capital borrowed from source k, zone z in 
zks 
season s; and 
FC is the amount of farm capital on hand at the beginning of 
zs 
season s, zone z. 
Regional food balance equations: 
L L:y .. X. + LTcdi -
. JZl JZ 
z J c 
c I= d 
where: 
LTdci > 
d 
d I= c 
Die (5) 
Y .. is the amount of product i produced by production process j in 
J Zl 
zone z; 
Tcdi is the amount of outshipment of product i from region c to 
region d; 
Tdci is the amount of inshipment of product i from consuming region 
d to consuming region c; and 
Die is the amount of total demand for product i in consuming 
region c. 
Requirements for subsistence demand: 
~Yjzxjz > SDiz 
J 
X. > LB 
JZ jz 
i = 1, 2 
i 3, n 
(6) 
(7) 
17 
where: 
SD. is the amount of commodity i consumed on farms where produced 1Z 
in zone z, and 
LB. is a lower bound on production such that LB. = SD. /Y .. 
J Z J Z 1Z J Z 
Export targets: 
Ei <. Emi i 1,3 
Ei = Emi i 4, n 
where: 
Ei is the amount of commodity i exported, and 
Emi is the maximum export assumed possible for commodity i. 
Maximum levels of technical change assumed feasible: 
MT 
rc 
(8) 
(9) 
(10) 
where MT is the maximum land area assumed feasible for adoption of 
rc 
technology r in consuming region c. 
Income restraints: 
where: 
L ~X. NR. > INCtc ~ ]Zt ]Zt 
z J 
(11) 
NR. is the net revenue expected with production process X. , and ]Zt ]Zt 
INCtc is the target level of income required from land type t in 
consuming region c. 
18 
Objective function 
The motivation contained in the objective function as stated in 
equation (1) along with the fixed demand requirements is analogous to the 
motivation of a subsistence farmer who wants to maximize his off-farm cash 
sales after first insuring that there will be sufficient production to 
meet family consumption needs. In equation (1) the export earnings are 
similar to the cash sales of the subsistence farmers. 
Fixed demand requirements are equivalent to the assumption that the 
demand for a product is perfectly inelastic. The cost minimizing solution 
to a linear programming model with fixed levels of demand does generate 
a set of prices which, if implemented in an economy with decentralized 
decision making, would guide production decisions so that final demand 
targets could be met within certain limits. 
If a feasible solution exists to linear programming model such as 
shown in Figure 5, the equilibrium price, Pe, represents the minimum price 
necessary to cause production of output level qd. The step-type supply 
curve generated by an LP model (shown in Figure 5) shows that when the 
price is exactly Pe the output level will be indeterminate between ql and 
q2. That is, if the equilibrium price Pe was put into a profit maximizing 
model, the output level would fall between ql and q2. The amount of in-
determinancy is reduced as the number of constraints are increased. 
If the demand for the final product is not perfectly inelastic, the 
assumption of fixed levels of demand will result in an error in estimating 
both the equilibrium prices. The amount of error depends on the elasticity 
or slope of the demand function with respect to its own price and the 
19 
amount of influence from the prices of other products. If the effect of 
the own product price on consumption is small, then the assumption of 
fixed levels of demand will cause no real problem. If the price effect 
on consumption is significant, price-dependent demand relationships should 
be incorporated into the model. 
Price 
Pe 1-------
u 
I 
I 
Demand 
ql qd q2 
Supply 
Quantity 
Figure 5. Cost minimizing solution to linear programming problem with 
fixed point demand 
Crops in the model 
Part of the planned development policy was concerned with increased 
introduction rates of new rice varieties and the use of more fertilizer 
on both new and old rice varieties. 
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The basic set of crops and crop production techniques defined in 
1 
the model by land type and agroeconomic zone is shown in Table 2. Each 
activity in the model is a specific production process. For example, 
the production of native variety nonglutinous rice on land type 3 in the 
wet season in zone 5 is one activity. The production of that same crop 
with an RD (Rice Department) variety would require an additional activity. 
The use of new varieties and(or) new production techniques by 
farmers is modeled by defining additional activities. Figure 6 shows 
two hypothetical fertilizer response functions, one for a native variety 
and one for an RD variety. When the effects of fertilizer and higher 
yielding varieties are considered together, the model must contain at least 
two activities for each variety. There are four activities outlined in 
Figure 6. Activity OVO with yield YOVO represents production of native 
variety rice without fertilizer. Activity OVfl with yield YOVfl repre-
sents production of native variety rice with fertilizer level fl. Similarly, 
activities RDO and RDf2 with respective yields YRDO and URDf2 describe 
production of an RD rice with zero and f2 levels of fertilizer. The 
solution gives the optimal area planted to each variety along with the 
optimal use of fertilizer for each variety. Accuracy is increased by de-
fining additional activities with more levels of fertilizer for variety. 
Constraints are added which reflect reasonable rates of adoption for both 
fertilizer use and for changing from a native variety to a new variety. 
These constraints are discussed in a later section. 
1The definition of alternative varieties and production techniques 
similar to those shown for rice are currently being developed for other 
crops. 
21 
Table 2. Major crops and crop production techniques specified by land 
class and agroeconomic zone in the national crop model for 
Thailand 
Nonglutinous rice (tp. 
Nonglutinous rice (tp, 
Nonglutinous rice (be, 
Nonglutinous rice (be, 
Glutinous rice (tp, 
Glutinous rice (tp, 
Glutinous rice (be, 
Glutinous rice (be, 
Maize for livestock 
Maize for human food 
Sorghum 
Mung bean 
Soybean SJ 1 
Soybean SJ 2 
Soybean native 
Black bean 
Kak bean 
Ground nut 
White sesame 
Black sesame 
Coconut, native 
Coconut, hybrid 
Coconut, sugar 
ov, 
nv, 
ov, 
nv, 
ov, f) a 
nv, f) 
ov, f) 
nv, f) 
f) 
f) 
f) 
f) 
Cotton 
Castor seed 
Cassava 
Sugar cane (fresh) 
Sugar cane (manufacturing) 
Tobacco (native) 
Tobacco (Virginia) 
Tobacco (Burley) 
Tobacco (Turkish) 
Mulberry with native and hybrid 
types of sericulture 
Upland nonglutino~s rice 
Upland glutinous rice 
Watermelon 
Kenaf 
Jute 
Rubber (ov) 
Rubber (nv) budded stump 
Rubber (nv) field bud 
Intercropping on replanted 
rubber 
aAbbreviations used: tp = transplanted; be - broadcast; nv = new 
variety; ov = old variety; and f = yield variable with fertilizer. 
YRDf2 
YOVfl 
YOVO 
YRDO 
Yield 
OVfl 
22 
RDf2 
avo 
RDO 
Figure 6. Hypothetical fertilizer response for native and new varieties 
of rice and definition of activities which allow farmer choice 
between varieties and fertilizer levels 
Farm level fertilizer response data are preferred for the planning 
model. However, the available farm level data are not sufficient to per-
mit complete specification of fertilizer response surfaces. The procedure 
adopted was to fit a general response function from four years of data 
from experimental fertilizer trials on rice with allowances made for dif-
ferences between years, varieties, and soil types. The experimental 
response surface was then adjusted to farm level conditions by a ratio 
technique based on observed farm level rice response to fertilizer. 
The activities used in a particular solution must be consistent with 
the assumptions of the policy set analyzed for that solution. In obtain-
ing Solution A, those rice activities with high levels of fertilizer are 
23 
included in the model. When obtaining Solution F, activities representing 
fertilizer application rates beyond current levels are simply excluded 
from the model. 
Variable cost 
The total costs included in the objective function of the model 
describe the production of crops on the farm, assembly through local mar-
kets, processing, and transportation from each zone to the regional ship-
ment point. Interregional transportation activities model the shipment 
of each agricultural commodity between consuming regions. 
The farm level component of variable cost for each producing 
activity is the sum of purchased inputs from the nonfarm sector plus the 
value of nonlabor, nonland, farmer-supplied inputs. The latter include 
charges on the value of animal power, farm manure, etc. More specifically, 
farm level variable costs include: fertilizer, pesticide, fuel, oil, 
repairs, hired machinery, depreciation, value of animal inputs, manure, 
food for workers, and miscellaneous. Only the total value of the above 
inputs is included in the objective function but the value of requirements 
of separate items is calculated in post-solution analysis. 
The cost of assembling the product in the local area and shipment 
from the zone to the regional shipment point is also added to farm level 
production costs. The effect is to predetermine an intraregional trans-
portation flow within each consuming region. "Gateway" cities are chosen 
as shipment points in each consuming region. The purpose is to reduce 
the number of constraints and activities required to specify the 
24 
transportation system. The bias is minimized under an export orientation. 
The "gateway" cities chose are shown on the map in Figure 2. 
Resource Constraints 
The policy questions regarding changes in population growth, export 
demand, completion of new irrigation projects, and maximum adoption rates 
for fertilizer and new varieties were addressed by changing the set of 
constraints used in each solution. 
Land constraints divide the cropping area within each of the 19 
agroeconomic zones into 5 land types. They are: 
Land I Deep flooding paddy area suitable for only one crop of 
broadcast rice per year. 
Land II Irrigated paddy land. This land may be used for either 
broadcast or transplant rice. The amount of multiple crop-
ping possible on this type of land is limited by seasonal 
water supplies. 
Land III Ordinary paddy land which is leveled and diked but where 
the water source is rainfall or river flooding. Production 
is limited to one crop per year. 
Land IV Area for upland crops. The land may be used for multiple 
crops depending on rainfall or for perennial tree crops 
such as mulberries, coconuts, and rubber. 
Land V Sandy island land. This land is located in one zone in 
the South and is suitable for rubber and coconut. 
25 
The individual zone models constructed by the DAE contain monthly 
constraints on the use of each class of land, labor, and capital. A 
zone model may contain 70 to 80 constraints. If all such constraints 
were retained for all 19 zones, the model would contain more than 1,500 
equations. The solutions were to be obtained on an 8K IBM 1130 computer. 
Experience had shown the practical limit for problems on this computer 
to be 350-400 rows or equations. Therefore, the monthly constraints on 
land and capital were aggregated into wet season planting, wet season 
h . d d . 1 arvest1ng, an ry season constra1nts. 
The resulting land constraints are shown in equation (12) and in 
Table 3. 
j 
X . ~ LD 
zJts - tsz t 1' 5; s 1, 2; z 1, 19. (12) 
Equation (12) states the sum of the area used by the X. production 
J 
processes in zone z, in season s, on land type t cannot exceed the zone 
supply of that land type. 
The agricultural land base for B.E. 2524 
One of the general guidelines for the present policy analysis was 
to maintain total land in agricultural holdings at current (B.E. 2517) 
levels. Within the present agricultural land base holdings. there are 
11.3 million rai of forest land. Furthermore, there are forest areas which 
have been designated as land settlements to be developed by B.E. 2524. 
The upland area shown in Table 4 for B.E. 2524 was expanded from the 
1The aggregation approach will be relaxed as LP algorithum become 
available on larger computers in Thailand. 
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levels shown for B.E. 2517 to include the forest area on farms and the 
land designated for land settlement areas. 
Table 3. Resource constraints defined for each agroeconomic zone in 
the national crop production model 
Constraints specified in each agroeconomic zone: 
Land I (deep flooding paddy) 
Land II (paddy in irrigation area) 
Land III (ordinary paddy area) 
Land IV (upland) 
Land V (sandy land) 
Farm labor 
Farm capital 
Borrowed capital 
Subsistence demand 
Constraints specified at the region level: 
Constraints on areas planted to 
RD rice 
Constraints on fertilizer use on 
native varieties 
Fertilizer application per rai 
fertilized 
Total food balance equations 
Wet season constraint. 
Wet season constraint. 
Dry season constraint equal to 
area receiving water. 
Wet season constraint equal to 
area receiving sufficient 
water for planting. 
Wet season constraint. 
Dry season constraint. 
Wet season constraint. 
Dry season constraint. 
Wet season planting constraint. 
Wet season harvesting constraint. 
Dry season constraint. 
Wet season constraint. 
Dry season constraint. 
Institutional loan constraint. 
Merchants loan constraing. 
Friends and relatives loan 
constraint. 
Lower bounds which require that 
rice production is greater 
than or equal to subsistence 
needs in each zone. 
1. Wet season Land 2. 
2. Dry season Land 2. 
3. Rainfed paddy. 
Constrained to trend level. 
projections. 
Additional production activities 
are defined using specified 
levels of fertilizer. 
Total production plus inshipments 
less outshipments must be at 
least as great as total demand 
in each region. 
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Another problem concerns the utilization of the land actually 
classified as rainfed paddy. In 1971, there were 64.8 million rai of 
1 land classified as paddy land and the area planted to rice was estimated 
to be 47.0 million rai. Thus, 17.8 million rai of the rainfed paddy 
area was not planted. The question of how much of the 17.8 million rai 
is usable is important when the current policy analysis deals with the 
addition of approximately 10 million rai of irrigated paddy land. A 
study to obtain a more complete summary of how much of the rainfed paddy 
area could be planted in the average year is underway. In the present 
study, the assumption is made that the current ratio of area planted to 
rice to the total paddy area represents the proportion of paddy area 
which receives sufficient rainfall for rice production. The ratios used 
in the analysis are shown in Table 4. 
The regional locations of projected changes in irrigation area in 
wet and dry season periods analyzed in the seven solutions are shown in 
Figure 7. The regional locations of increases in upland area expected 
to be in production due to increased cultivation of forest areas already 
in farms are also shown in Figure 7. The major increases in irrigation 
development will be located in the North and Central Plain. The area of 
rainfed paddy is decreased as the irrigated area is increased. In Solu-
tion A, it is assumed all of the irri5ation area would be completed and 
under cultivation by 1981. In Solution F, it is assumed none of the in-
creased irrigation area would be operational by 1981 while in Solution 
B2 it is assumed part of the projects would be completed. 
lnivision of Agricultural Economics, Office of the Under-Secretary 
of State, Ministry of Agricultural and Cooperatives. Agricultural Statis-
tics of Thailand. Crop year 1972-73. Bangkok, Thailand, No. 25, 197~. 
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Decrease in cropable rainfed 
paddy due to expansion of 
irrigation 
Increase in irrigated area 
between B.E. 2518-B.E. 2524 
Increase in upland area 
between B.E. 2518-B.E. 2524 
O j_ __ JL_WJ:D:l __ l_W_LD_j __ J_W-l-D-L--LW~-D~--L-W~=D~~-W-L-D~~~W~-D~ 
Land 2 Land 3 Land 4 Land 1 Land 2 Land 3 Land 4 
million 
rai 
W D 
NORTHEAST 
W D 
CENTRAL PLAIN 
W D W D 
NORTH 
W D 
SOUTH 
W D 
Figure 7. Changes in land classification between B.E. 2518 and the levels 
assumed for Solution A in B.E. 2524 
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The specific land constraints in each agroeconomic zone for the 
seven solutions are contained in Appendix Tables A-2, A-3, and A-4. 
Agricultural labor base for B.E. 2524 
Equation (13) requires the seasonal demand for labor not to exceed 
the seasonal supply of labor for crop production. 
""a . X . < LB ~ ZJS ZJ - ZS 
J 
s = 1, 3 (13) 
where a . is the number of hours of labor in zone z for activity j in 
ZJS 
season s. 
The seasonal treatment of labor use requires 51 equations. An 
additional series of wet season monthly labor constraints are added to 
insure that at the regional level the monthly labor use does not exceed 
1 the regional labor supply available for a particular month. 
For the n agroeconomic zones in a given consuming region in month h, 
the regional constraints appear as 
. P .. a .. h < ~LSh. 
1] 1] - 1 J 1= 
where: 
i=l is the n agroeconomic zones in a consuming region; 
mi is the number of production activities in the ith zone; 
LShi is the labor supply in month h in zone i: 
P.. is the level of the jth production process in the ith zone; 
1] 
and 
aijh is the hours of labor required per unit of production process 
p ...• 
1JJ 
1The population available for the labor force in 1981 has already bet.'n 
born and thus, is independent of population planning programs in the next 5 
years. The same total labor supply is used for all solutions. 
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The agricultural labor force in each agroeconomic zone is calculated 
under the assumption of no net migration between agroeconomic zones or 
between the agricultural and nonagricultural sectors. The total number 
of agricultural workers, the number of workers assumed for forestry, fish-
ing, fruit and vegetable production, hourly requirements for livestock, 
and the remaining hourly crop labor supplies in each zone are contained 
in Appendix Table A-5. 
Equation (14) requires the onfarm supply of capital at the beginning 
of each season plus borrowings during the season to be not less than the 
use of capital in that season. 
""' a X - K - FC < 0 ~ zjs zj zks zs 
J 
(14) 
where: 
a . is the amount of short term capital required for production 
ZJS 
process j; 
K is the amount of capital borrowed from source k, zone z in 
zks 
season s; and 
FC is the amount of farmer capital on hand at the beginning of 
zs 
season s. 
A schematic diagram of the labor constraints for the zones in the 
South is shown on the following page. 
The supplies of crop labor in each agroeconomic zone are derived 
from initial estimates of the economically active agricultural labor force 
between the ages of 15-64. Labor requirements for livestock, fruits, vege-
tables and forestry production in B.E. 2524 are subtracted from the total 
labor supply and the remaining labor is assumed available for crop production. 
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Labor Coefficient Matrices Production Labor Supplies 
Levels 
A 17, D p 17 ~ LS 17 DS 
A 17, WP .C:: LS 17 WSP 
A 17, WH c:: LS 17 WSH 
A 18, D p 18 < LS 18 DS 
A 18, WP <. LS 18 WSP 
A 18, WH <..LS 18 WSH 
A 19, D p 19 .o::::.LS 19 DS 
A 19, WP <LS 19 WSP 
A 19, WH -=:.Ls 19 WSH 
A 17, 9 A 18, 9 A 19, 9 C:::. LS south, month 9 
A 17, 3 A 18, 3 A 19, 3 ~LS south, month 3 
Demand for Agricultural Products 
At the present time the programming model contains fixed point 
demands. Total demand is the sum of domestic consumption plus net exports. 
Domestic demand is a function of the population growth rate, a projected 
income growth rate of 2.2 percent, and an income elasticity. 
A semi log formulation was used for projection purposes. The 
relationship between per capita consumption and income is 
ct a + b lnY t 
where: 
ct is per capita consumption in year t; 
y is per t capita income in year t; 
ln is the natural logarithm operator; and 
b is the consumption function parameter. 
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The income elasticity u is b u = c-· 
t 
Following Blakeslee et al., the 
following projection formula is derived by solving for the intercept in 
terms of base period consumption and substituting the income elasticity 
for the consumption function parameter b. 
*Co [1 + u. ln (Y /Y )] 
1 t 0 
where: 
D. is the domestic consumption of good i in consumption c; 
1C 
Pop1981 is the estimated population in 1981 in consuming region c; 
c 
u. is the income elasticity of demand for consumption good i; 
1 
Y is the projected per capita income in 1981; and 
t 
Y is the per capita income in the base period. 
0 
The demand restraints used in the model for a particular solution 
must be consistent with the rate of population growth and level of exports 
assumed for that solution. The Kingdom leveldomestic demands for high, 
medium and low rates of population growth are shown in Appendix Table 
A-6. The export levels for high, medium and low levels of exports are 
shown in Appendix Table A-1. 
Total domestic food balance equations are specified at the regional 
level rather than at the zone level in order to further reduce the number 
of equations. Equation (15) requires that total production from all the 
zones in consuming region c plus inshipments less outshipments equal or 
exceed total demand. Y .. is the amount of product i produced by produc-
JZ1 
tion process j in zone z. The total demand includes consumer demand 
(subsistence + commercial) plus foreign exports or imports if a port of 
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entry is located in this consuming region. Subsistence demands are 
defined as production occurring on the same farm where it is produced. 
LLY . . X. + 
. J Zl J Z 
z J 
LTd. d Cl 
d I c 
<D. lC (15) 
Subsistence demand thus represents production which does not enter the 
market. Restrictions which force production in each zone to meet subsis-
tence demand in that zone are applied in two ways. The more conventional 
approach in equation (16) is used for glutinous and nonglutinous rice. 
L:Y. X. > SD. 
. J Z J Z - lZ 
J 
i 1' 2 (16) 
Lower bounds on production activities are used to force production 
to meet subsistence demand for the remaining crops. 
X. '> LB. JZ- JZ 
where LB. is the lower bound for activity j in zone z such that JZ 
LB. JZ 
where: 
SD. 
lZ 
Y. JZ 
SD. is the amount of commodity i consumed on farms where produced 
lZ 
in zone z, and 
Y. is the yield per rai of production process j in zone z. 
lZ 
Export demands are variable up to specified limits for rice JLU i :'e 
The export price of these crops is assumed to be constant at a level eyu:c.c. 
alent to a 2,500 baht per ton farm level price for paddy. The cur~ ~t 
export price of maize is used. 
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E.< EM. 
1- 1 
i 1, 3 (18) 
The maximum level of exports, EM., used for each solution varied 
1 
according to the assumption about the export market. The export targets 
of the remaining crop were fixed according to equation (19). 
E. = EM. 
1 1 
i 4, n 
Restraints on Adoption of New Technology 
(19) 
The approach used in the current study was to compare the changes 
between a solution representing conditions in B.E. 2524 given alternative 
combinations of Thai policy and conditions external to Thailand. Since 
1981 is only five years from the present, it would be unreasonable to 
expect 100 percent of the farmers to adopt any new production technique 
over the planning period. Except for the current sample period, there is 
little data available on the adoption rates of specific practices to make 
a thorough study of this process. Trend level projections of the propor-
tion of the total area planted to new varieties of rice by land and the 
total rice area fertilizer are obtained from the simple relationship: 
Prop 1981 e _.b/T 
where: 
b is -T * ln (prop. base period), and 
T is 1 in the first period the technology is available. 
The actual values used were double the trend values, 1. 5 times the 
trend values or the trend values depending on the degree of optimism and 
promotion or extension effort assumed in association with a particular 
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policy set. The restraints were placed at a regional level in accordance 
with the form shown in equation (20). The actual values are contained in 
Table 5. The regional constraints used in each of the seven solutions 
are contained in Appendix Table A-7. 
(20) 
where: 
X 
zji is the jth rice activity in zone z on land type i; 
LS. is the supply of land type i in zone z; and 
1Z 
FCk is the factor of optimism specified for solution k. 
Table 5. Current and projected trend rates of adoption of RD rice 
varieties and fertilizer use in terms of percent of area planted 
RD Rice 
Irrigation Area 
Region 
NE 
NO 
CP, all 
CP, 7-11 
CP, 12-16 
so 
Percent 
1975 
.15 
6.02 
5.82 
1.62 
.90 
" B 
26.01 
11.24 
11.37 
16.49 
18.84 
aT 1 in 1971. 
bT 1 in 1950. 
Est. 
Percent 
1981 
11.4 
39.2 
38.8 
25.3 
20.8 
a Fertilizer Use b 
Rainfed Paddy All Rice Areas 
Percent A Est. Percent A Est. 
1973 B Percent 1974 B Percent 
1981 1981 
.09 28.05 9.7 30.0 28.90 39.4 
.43 21.0 16.3 12.0 50.89 19.4 
42.0 20.82 51.1 
5.60 11.53 38.3 
.72 19.74 19.3 
.66 20.08 18.8 32.6 26.90 42.0 
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Constraints requiring a minimum level of income for a particular 
group may be included in a programming matrix. These are called income 
constraints. The exact implementable policy applied in a decentralized 
system which generates such a solution is not always clear. The decision 
to include the constraints in this study was made after it became clear 
that not all farmers in all regions could be expected to obtain positive 
sum gains from the development policies. Preliminary analysis revealed 
the development policies would encourage income shifts away from the 
Northeast region into the North and Central regions. The income constraints 
were included for Class 4 land by region. 
The goal was to determine what crops at what levels could be promoted 
to increase farm crop income by 1,000 baht per household in the Northeast 
while not reducing farm crop income in other regions below the levels 
earned in B.E. 2514-15. 
The constraints added were: 
NE; 
5 nz 
I: L: X .nr zj > 4,052,000 
z=l j=l ZJ 
10 nz 
NO; L: 2: X .nr zj > 2' 729' 504 
z=6 j=l ZJ 
16 nz nz 
CP· 
' 
L: L: X .nr + L: X .nr > 6,143,360 
z=ll j=l ZJ zj j=l ZJ zj 
SO; 
19 n7-
I: L: X. nr zj > 3,550,372 z=l7 j=l JZ 
where: 
X . is the level of the jth upland crop activity in zone z; ZJ 
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nr . is the net revenue obtainable from the jth production activity ZJ 
in zone z; and 
nz is the number of production processes defined in zone z. 
The constraints require the minimum level of income for each household 
from upland crops in the Northeast, North, Central Plain, and South to be 
2,000, 2,441, 9,539, and 5,513 baht per year, respectively. 
In order to prevent unrealistic levels of production of maize, 
cassava, and kenaf in the Northeast, a series of trend level upper bounds 
are imposed on area which could be planted to these crops. The bound does 
not force production of the above crops but prevents the planted area 
from exceeding trend projections in each zone. The areas planted to maize, 
cassava, and kenaf in the five zones of the Northeast along with the 
upper bounds and B2 solution activity levels are shown in Appendix Table 
A-8. 
Data Requirements 
Conceptually the number of coefficients required for a programming 
model is the product obtained by multiplying the number of equations or 
contraints by the number of variables or activities. In practice the 
density of such models is low. The crop model here contains only 11,000 
out of a possible 400,000 coefficients. 
The supply of each resource by season and by type specified in t~e 
model above must be known and are known as model constraints. The s,-,un~•os 
of the principal constraints used in this study are listed (see foiLo~iAg 
page) by item and source. 
Item 
Land use 
Irrigation area 
Farm credit 
Crop labor 
Area fertilized 
RD varieties 
Domestic demand 
Export demand 
Subsistence demand 
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Source 
General Farm Survey (GFS) 
Royal Irrigation Department 
General Farm Survey 
GFS, population census, growth rates 
approved for planning 
GFS, Specific Rice Survey 
GFS, Specific Rice Survey 
Income elasticity studies, population 
growth rate 
Time series projections, DAE-NESDB 
agreement 
GFS, Special Surveys 
Coefficient Estimation 
The total set of coefficients required for a programming model is 
equivalent to the set of coefficients required for enterprise budgets 
with the same resource detail. In both the programming model and the 
budgeting procedure, the use of each input and each output by each enter-
prise must be accounted for. In the budgeting procedure, both the price 
and quantity of each input and output is specified in advance. In a 
programming mode, the inputs and outputs where price and quantity are 
prespecified, may be included in the objective function. Those items 
(both inputs and outputs) where either the quantity or the price is a 
variable to be determined by the model solution make up the tableau of 
the programming model. 
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VI. RESULTS AND DISCUSSION 
Method of Analysis 
The method of policy evaluation in this study is that of comparative 
statics. The procedure was to model alternative development policies 
with different levels of implementation in the year B.E. 2524 in combina-
tion with alternative conditions in the export market. For example, in 
Solution A the effect of full implementation of planned development pro-
grams along with high potential in the export market was examined. 
Solution D, then, was to show the effect of the same level of programs as 
in Solution A but with low assumed export market prospects. The direct 
comparison between current levels of development and the levels in each 
solution along with the direct comparison between solutions is made to 
outline the major implications of development variables on employment 
and income in agriculture along with the use of land, capital, and changes 
in the location of production. 
The income estimates used in this study are based on exogenous produc~ 
prices. The ideal would be to use endogenously determined product prices 
as described in Figure 5. However, endogenously determined product prices 
were not used for income calculations in this study. The reason is 
that the model development was still somewhat incomplete at the time the 
study was made. The model did not incorporate labor supply curves ·1ut 
rather contained fixed supplies of labor in each of the 19 agroeconomic 
zones. If labor is unused, then the imputed or endogenously determined 
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wage rate is zero. Since very few purchased inputs are used by Thai 
farmers the imputed or endogenously determined product prices then are 
also very low. 
For most of the export-oriented products in the model, Thailand 
is really a price taker. For this reason the changes in the value added 
between the different development situations in this study are based on 
exogenously rather than endogenously determined product prices. The 
exogenous regional center product prices used to calculate income in this 
study are shown in Appendix Table A-9. 
The actual levels of inputs used by specific crops in B.E. 2514-15 
(1971-72) were not readily available in many cases. Simulated or cal-
culated resource use levels are shown in Appendix Table A-10. These 
resource use levels were calculated by multiplying the actual area planted 
of each crop in each zone for the year B.E. 2514-15 by the same coefficients 
in the linear programming model. 
Solution A: Optimistic 
Development Situation 
The change in the value of demand for domestic consumption if 
population growth slows from 2.5 to 2.1 percent per annum by B.E. 2524 
and the value of crops at high export levels are shown in value terms in 
Table 6. The changes in total rice area and upland crop area shown in 
Table 4 represent that part of the development program which applies to 
land use. The restraints on rice area planted to RD varieties or receiv-
ing fertilizer and the application rates of fertilizer on rice represent 
the assumed maximum feasible targets which might be reached under an 
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Table 6. Comparison of change in net farm income and resource use for 
Solution A for B.E. 2524 and as estimated for current productiona,b 
Item 
Net crop income 
Other ag income 
Total ag income 
Nonag income 
Nonag employment 
Cost of crop production 
Deep flooding paddy (Ll) 
Irrig. paddy, wet season 
(L2) 
Irrig. paddy, dry season 
(L2) 
Rainfed paddy (L3) 
Total idle paddy 
Upland area, wet season 
(L4) 
Upland area, dry season 
(L4) 
Labor, wet season 
Labor, dry season 
Unite 
bb 
bb 
bb 
bb 
mp 
bb 
mr 
mr 
mr 
mr 
mr 
mr 
mr 
md 
md 
Production mt 
Net income bb 
Yield per rai kg 
Area planted mr 
Labor use md 
Area plt. RD varieties mr 
Area receiving fertilizer mr 
Expense, seed, fert., pest bb 
Expense, tractor, machinery bb 
Net crop income 
Planted rai 
Expense seed, fert., pest 
Expense, tractor, machine 
bb 
mr 
bb 
bb 
B.E. 
2513 
36.5 
19.6 
46.2 
na 
na 
Solution A 
(B.E. 2524) 
57.0 
13.0 
70.0 
66.4 
2.4 
Change 
20.5 
9.6 
na 
na 
na 
Agricultural Resource Use 
11.5 18.2 6.7 
2.2 2.9 0.7 
9.2 
2.0 
38.8 
2.5 
19.1 
17.4 
807 
146 
11.6 
25.2 
245 
47.2 
612 
1.0 
14.1 
0.9 
0.5 
11.2 
23.0 
1.0 
0.7 
19.5 
3.0 
30.8 
3.7 
29.7 
29.8 
1,025 
263 
10.3 
1.0 
-8.0 
1.2 
10.6 
12.2 
218 
117 
Rice Production 
16.1 4.5 
35.5 10.3 
288 43.0 
55.9 8.7 
74 7 135 
6.5 5.5 
17.9 3.8 
1.9 1.0 
0. 8 0.3 
Upland Crop 
21.4 
39.5 
1.7 
1.6 
Production 
10.8 
16.5 
0.7 
0.9 
Percentage 
Change 
156 
na 
na 
na 
58 
32 
112 
50 
-21 
48 
55 
70 
27 
80 
39 
41 
18 
18 
22 
550 
27 
111 
60 
96 
72 
70 
129 
a SOURCE: Thailand 1 s Fourth Five-Year Agricultural Development Jl;_a,, 
B.E. 2524 Guidelines, Table 31; and Table 38 calculated from multipliers 
generated by the macro model. 
bincludes cost of transportation, marketing and processing. 
cAbbreviations used: bb = billion baht, mp =million persons, mr = 
million rai, md =million man days, mt = million tons, and na = nut availablP 
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intensive extension promotion program. The estimate of the exact area 
planted to RD varieties and(or) planted area fertilized and rates of fer-
tilizer application which maximize farm income for target output levels 
given the completion of the irrigation areas were determined by the pro-
grannning model. 
The specific resource constraints used for Solution A were as follows: 
1. The supplies of land for each class in each season available 
for crop production were as illustrated in Appendix Table A-1. 
2. Domestic demand requirements were the estimates for the low 
rate of population growth shown in Appendix Table A-6. 
3. The export levels of each connnodity are the "High" levels 
shown in Appendix Table A-1. 
4. The constraints on RD varieties and area fertilized are those 
shown in Appendix Table A-7. 
5. Activities were added to the model which allowed fertilizer 
use up to 80 kilograms of 16-20-0 fertilizer compound on RD 
varieties and 30 kilograms on native varieties. 
The regional locations of the 11.7 million rai expansion in irrigated 
area and 11.2 million rai expansion in upland areawereshown in Figure 7. 
The development situation modeled by Solution A is discussed first 
with respect to the feasibility of meeting production targets. A dis-
cussion of the regional distribution of production relative to consumption 
requirements follows. The implications of the production levels for in-
come and employment are then covered. The use of land by each zone is 
contained in Appendix Table A-11. The use of inputs included in variable 
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cost is contained in Appendix Table A-12 while the minimum farm level 
prices for major crops necessary to generate the levels of demand for 
each region are reported in Appendix Table A-13. 
Feasibility of meeting maximum 
production targets 
The results shown in Table 6 indicate maximum production targets are 
feasible given average weather conditions and given the land, labor, and 
technology levels shown. The increase in production would mean value 
added from crop production in constant prices in B.E. 2524 would be 56 
percent greater than in B.E. 2514-15. In Solution A, the targets were 
reached by increasing the use of irrigated areas by 112 percent in the 
wet season and by 50 percent in the dry season relative to B.E. 2519 
levels. The use of land already in farms suitable for upland crops would 
have to increase by 55 percent in the wet season and by 70 percent in the 
dry season if the upland targets were to be met with current upland tech-
nology. If the production targets were met as in Solution A, labor use 
in the wet and dry seasons would increase by 27 and 80 percent, respectiveJ_y. 
Achieving the rice target of 16.1 million tons of paddy would mean 
a 41 percent increase in income or value added from rice production over 
the current level. The area planed to rice would have to increase by 8.7 
million rai over current levels. The changes in technology are an 11.3 
million rai increase in irrigated area, a 5.5 million rai increase of 
area planted to RD varieties, and a 3. 8 million rai increase in tlw r ~,2c 
area receiving fertilizer. The expenditure for fertilizer, pesticide, 
and seed would have to increase by 110 percent over the current usage. 
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The combined effects of the technological changes indicated above are 
expected to increase the yield per rai from 245 to 288 kilograms. If 
the upland crop target is to be met with essentially the same type of 
technology, the planted area would need to be some 16.1 million rai greater 
than current levels. The machine and tractor expense would have to in-
crease by 129 percent or by some 0.9 billion baht. In Table 7 and in 
Figure 8, the estimated area which would have to be planted to meet pro-
duction targets in B.E. 2524 with the Solution A development program is 
compared with the actual areas planted between B.E. 2511 and 2517. The 
future rate of increase in planted area necessary to meet targets for maize, 
cassava, and sugar cane is approximately equal to past trends. The areas 
planted for all bean crops (mung beans, castor beans, ground nuts, soybeans, 
and seasame) would have to increase at faster than historical rates while 
the area planted to kenaf would be below historical levels. The greatest 
increase in area planted for a single crop is rice with 8.5 million rai. 
The increases in area planted to meet domestic needs and high export levels 
for maize, cassava, and bean crops are about 7.2 and 4 million rai, res-
pectively. In a relative sense the increase in area planted to maize, 
cassava, and bean crops is large as the planted area would have to increase 
by more than 100 percent between B.E. 2513 and B.E. 2524. 
Regional production and consumption 
levels 
The regional distribution of production and consumption of the major 
crops is shown in Table 8. 
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Table 7. Changes in area planted to specified crops between the current 
situation and for Solution A in B.E. 2524 
Crop Solution A B.E. 2513 Total Percent 
B.E. 2524 Change Change 
Rice 55.9 47.3 8.6 18 
Maize 13.9 6.7 7.2 108 
Cassava 3.6 1.6 2.0 125 
Sugar cane 1.9 1.0 .9 90 
Kenaf 2.2 2.2 0 0 
Rubber 8.0 1.1 .9 13 
Bean crops 6.5 2.7 3.8 141 
Cotton .8 .3 .5 167 
Other 2.6 1.4 1.2 86 
Table 8. Estimated production, consumption, and net surplus by region for 
B.E. 2524 under Solution A 
Commodity Type of Re ion ~--·~--Statistic North- North Central South Thailc'nd 
east Plain 
(thousand tons) 
Rice NG Prod 1,642 2' 271 5,144 1,195 10,252 
Cons 1,361 1,260 3,734 1,428 7,784 
Exports -521 l,Oll 1,410 -234 2,468 
Rice G Prod 3,056 2,193 522 27 5,799 
Cons 3,577 1,989 59 27 5,652 
Exports 281 2,205 463 0 14 7 
Maize Prod 39 2' 171 1,400 0 3,610 
Cons 39 1,661 405 0 fi10 
Exports 0 2,004 996 0 3,000 
Kenaf & Jute Prod 280 44 0 0 324 
Cons 278 1 45 0 32 1+ 
Exports 1 43 
-45 0 100 
Cassava Prod 421 43 4,990 1,656 7 1 ~q . ' - .., 
Cons 73 43 6,966 23 7 ,u_. 
Exports 347 0 -1,976 1,633 , 
"' 
o, 
Sugar cane Prod 639 598 15,064 0 ' f 
Cons 639 598 15,064 0 "h ,, 
Exports 0 0 0 0 Jn n:' .l 
Rubber Prod 0 0 49 416 i _ .. ' 
Cons 0 0 49 416 ~j ,-1 
Exports 0 0 0 0 <~j ~; i J 
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Figure 8. Actual planted rai from B.E. 2511 to 2517 and estimated planted 
area necessary to meet production targets for selected crops in 
Solution A for Thailand in B.E. 2524 
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The Northeast and Southern regions are expected to be net rice deficit 
regions in B.E. 2524 while the North and Central Plain are expected to be 
surplus regions and the source of rice exports. The regions of compara-
tive advantage for the production of maize, cassava, and sugar cane are 
expected to be the Central Plain and the North. 
Regional use of land and labor 
The seasonal use of labor and land by class in each zone is contained 
in Appendix Table A-11. The regional use of labor is summarized in Figure 
9 while the regional use of land is summarized in Figure 10. 
Figure 9 indicates labor is in surplus in all seasons in all regions. 
The dry season employment in each region will be much less than in the wet 
season. Supplies of land suitable for rice production are expected to 
be nearly exhausted in all regions.. Figure 10 does show small amounts of 
rainfed paddy area may be unused in the Northeast and the Central Plain, 
and it shows some irrigated paddy land to be idle in the Central Plain. 
The largest concentration of unused upland area (land 4) is expected to be 
in the Northeast. Both paddy land and upland areas of the South are ex-
pected to be fully utilized. 
Regional income and employmen~ 
The average total earnings from crop production for Solution A are 
shown in Table 7. The expected income earnings for Solution A are comparen 
with the expected income earnings for the current period. The results 
show the development program in Solution A could be expected to increase 
the value added from crop production by nearly 2,000 baht over current 
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Figure 9. Monthly and seasonal labor use by region of Thailand for B.E. 
2524 for Solution A 
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levels for the average household. However, the results indicate that 
the Solution A development program would increase rather than decrease 
regional income disparities between agricultural households. The magni-
tude of the problem and the reason for the low income expectations in the 
Northeast can be understood by comparing Figures 9 and 10 with data in 
Tables 8 and 9. Figures 9 and 10 show a large concentration of land and 
human resources in the Northeast relative to the other regions. The data 
in Table 8 indicate that the Northeast is at a comparative disadvantage in 
agricultural production. As a result, production and hence, income, is 
more concentrated in the North and Central Plain. Therefore, income and 
employment opportunities for members of the Northeast households are low 
relative to other regions as shown in Table 9. 
Table 9. Crop earnings per household by region B.E. 2524 under Solution 
A compared with earnings per household in B.E. 2514-15 
Region 
NE NO CP so KG 
Income/hsld B.E. 2514-lSa 6,129 11,156 18,619 10,142 10,344 
Income/hsld "A" B.E. 2524 5,955 14,264 22,860 12,958 12,016 
Income/Worker B.E. 2514-15 2,071 4' 727 9,085 4,353 4,439 
Income/Worker "A" B.E. 2524 2,012 6,036 11,151 5,561 4 '712 
Days/Worker WS "A" B.E. 2524 64 92 130 93 84 
Days/Worker WS B.E. 2514-15 82 77 125 102 90 
Days/Worker DS "A" B.E. 2524 6 18 49 56 22 
Days/Worker DS B.E. 2514-15 5 10 32 50 18 
aincome and employment estimates for B.E. 2514-15 are calculated by 
multiplying the B.E. 2514-15 estimates of area planted by the labor and 
cost coefficients used in the programming model. The same price levels 
were used for the B.E. 2524 and B.E. 2514-15 calculations. 
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The estimated total income from rice and upland crops for each region 
is shown in Table 10. The results in Table 10 show the total quantity of 
capital inputs used for rice production in the Northeast to be 1.4 billion 
baht as compared to 1.7 billion baht for the Central Plain. Yet the esti-
mated average rice yield for the Northeast in B.E. 2524 is only 208 kg 
per rai while the estimated average yield for the Central Plain is 336 kg 
per tai. The low productivity of the Karat Plateau (both rainfall and 
soil type) cause the estimated total production of the Northeast to be 
less than for the Central Plain. However. there are more than twice as 
many agricultural households in the Northeast as in the Central Plain. 
The result is the low income and low employment opportunities for the 
average Northeast household. 
Solution Bl: Moderate 
Development Alternative 
Solution B represents a more moderate change than does Solution A 
with respect to population growth, expansion of export markets, comple-
tion of irrigation projects, rate of fertilizer adoption, and increases 
in the rate of fertilizer application per rai of land. Relative to Sol-
ution A, the reduction in export levels in Solution Bl would mean a smaller 
foreign demand for Thai crop products while the higher population growth 
rate would mean a higher level of consumer demand. The smaller increase 
in irrigated area, in RD adoption rates, and in fertilizer levels woulc1 
mean a smaller productive capacity for crops in Solution Bl than for 
Solution A. 
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The changes in the major parameters are summarized in Table 11. The 
net effect is that Solution Bl contains some 4.3 million fewer rai than 
does Solution A. The potential capacity is further reduced because of 
assumed lower adoption rates for fertilizer and RD varieties under Solution 
Bl and for A. 
Table 11. Resource supplies and demand levels assumed in Solutions A 
and Bl 
Item 
Domestic demand (million baht) 
Exports (million baht) 
Irrigated paddy, wet season 
(million rai) 
Irrigated paddy, dry season 
(million rai) 
Rainfed paddy, wet season 
(million rai) 
Maximum area fertilized, WS 
(million rai) 
Maximum area RD varieties 
(million rai) 
Wet season (million rai) 
Dry season (million rai) 
Total usable paddy, rai/year 
(million rai) 
Solution 
A 
42,217 
28,263 
19.8 
4.8 
32.2 
20.5 
20.2 
3.8 
59.7 
Solution 
Bl 
42,709 
23,141 
13.6 
3.2 
35.6 
19.0 
14.1 
2.6 
55.4 
Solution 
A-Bl 
-492 
5,122 
6.2 
1.6 
-3.4 
1.5 
6.1 
1.2 
4.3 
The value of domestic demand in 1975 prices is 492 million baht more 
with Solution Bl than with A because of the higher population growth rate. 
However, the wholesale value of export under Solution Bl is 5,122 million 
baht less than for Solution A. Thus, in Solution Bl the value of demand 
for crop production at the wholesale level is 7 percent less than for t 
while the productive capacity in terms of usable paddy area in Solur:i_an h 
is 8 percent less than for Solution A. 
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The supplies of labor and land by season and class for each 
agroeconomic zone are presented in Appendix Table A-3. The quantities 
of production required to satisfy domestic demand with a medium (2.5 per-
cent per annum) population growth and meet medium export levels are con-
tained in Appendix Tables A-6 and A-1, respectively. 
Feasibility of meeting production 
targets in Solution Bl 
The results shown in Table 12 indicate that medium export and medium 
domestic demand targets are feasible under the development program outlined 
for Solution Bl. The use of land and labor resources for each zone for 
Solution Bl are shown in Appendix Table A-14 and the use of nonfarm inputs 
by crop group are shown in Appendix Table A-15. 
The major effects of a 7 percent difference in final demand for 
agricultural crops along with an 8 percent difference in the usable paddy 
land area are summarized in Table 12. Net crop income is estimated to be 
3.6 billion baht higher under the more optimistic Solution A than for the 
more moderate Solution Bl since the reduction in value of demand more than 
offsets savings in production costs. Net farm income for Bl is expected 
to be 271 baht less per agricultural crop worker than for A. For the non-
agricultural sector, the more moderate level of agricultural development 
(Bl), would mean 3 billion baht less income and 100,000 fewer jobs. Total 
net crop income for Solution Bl was 46 percent greater than that expected 
for B.E. 2516. 
Total labor requirements for Solution Bl are estimated to be 28 
percent greater than for current levels but about 5 percent less than for 
Solution A. The difference between A and Bl amounts to 6 man days per worker. 
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In Solution Bl, production targets for Solution Bl were less than 
for A but in a relative sense the available paddy land area is even more 
limited for Bl than for A. In Solution Bl, some 2.5 and 6.5 million rai 
less of paddy and upland area, respectively, are required to meet produc-
tion targets than would be used for Solution A. However, the indication 
that land is relatively more limiting for Solution Bl is that only 1.2 
million rai are unused in Bl while some 3.7 million rai are unused for 
Solution A. The increased demand for fertilizer along with the increased 
use of RD varieties also reflects a situation where land is more limiting 
and thereisasubstitution of capital, in the form of high-yielding rice 
varieties and fertilizer, for land. With the increased level of rice 
technology, the average rice yield is estimated to be 291 kilograms per 
rai in Solution Bl while the yield is estimated to be 288 kilograms, in 
Solution A. The expected yield for B.E. 2513-14 was 245 kilograms. 
The land available for upland crops was the same in both A and Bl, 
but total demand is less for Solution Bl than for A. The lower values of 
net income, fewer planted rai, and lesser use of fertilizer and tractor 
services shown in Table 12 follow as expected. 
Regional allocation of production 
and consumption 
The estimated regional production, consumption and net surplus for 
major crops is shown in Table 13. As was the case for Solution A, the 
comparative advantage in rice production would be in the North and (.c,,tr. 
Plain where the higher yields of rice can be obtained. The Northeast i'l'"'rl 
Southern regions are expected to be net deficit regions in rice product;·,, 
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The rice production necessary to complete consumption requirements in 
the Northeast and South and for foreign export would originate in the 
North and Central Plain. The rice yields in the Northeast are expected 
to be lower than for the North and Central regions even with the use of 
fertilizer and RD varieties. The average RD variety yield in the North-
east is estimated to be 331 kg per rai while the average RD yields in the 
North and Central Plain are estimated to be 450 and 455 kg per rai, 
respectively. 
In Solution Bl, the production of maize and sorghum would be 
similarly concentrated in the North and Central Plain. On a strict cost 
per ton criterion, the Northeast would be at a disadvantage because of 
lower yields per rai of land. Because exports were assumed limited to 
2.5 million tons, it followed that maximum income for all farmers would 
be achieved by allocating production to those regions with the lowest cost 
per unit. At current world prices, farmers in the Northeast would receive 
positive returns from the production of maize. However, the returns per 
rai of maize production would be higher in the Central Plain and the 
Northern regions. 
~egional use of land and labor 
Figure 11 indicates that crop labor supplies would be in excess of 
requirements in all regions in all monthly periods. 
Figure 12 indicates that paddy land would be almost completely uGcu 
for Solution Bl. There are expected to be 13.7 million rai of upla1.~ 
(Land 4) unused in the wet season. The largest concentration of un1:~~0 
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Figure 11. Monthly and seasonal labor use by region of Thailand for 
B.E. 2524 for Solution Bl 
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upland would be in the Northeast. The upland area in the South, which 
includes coconuts and rubber, would be nearly 9B percent utilized. The 
percentage of the regional resource use by season for Bl is compared with 
that for Solution A in Table 14. A noticeable difference is that the ir-
rigated land is used more intensively in the dry season in Solution Bl 
than was the case for Solution A. The utilization of the upland area in 
the North declines between Solutions A and Bl as the change in export of 
upland crops affects the North more than other regions. 
Table 14. Percentage of resource supplies in each region 
Solutions A and Bl 
Percent of Total Used 
Northeast 
A 
L2 w 100 
L2 D 65 
L3 w 96 
L4 w 35 
L4 D 30 
LAB WS 34 
LAB DS 5 
Peak 
Month 72a 
a July. 
b December. 
Bl 
100 
BO 
100 
30 
25 
34 
4 
na 
North Central Plain 
A Bl A Bl 
100 100 97 100 
60 59 61 BO 
100 100 B5 90 
B5 57 77 76 
95 7B BO 69 
51 49 74 69 
15 9 39 23 
BOa BBa BOa BOa 
Possibilities for increased production 
South 
A 
100 
40 
100 
9B 
100 
53 
46 
77b 
utilized under 
Kingdom 
Bl A Bl 
100 99 100 
BO 62 7B 
100 95 9B 
9B 74 66 
100 74 66 
53 46 45 
41 17 14 
7Bb 66b 66b 
Examination of Figures 11 and 12 shows the rice area of Thailand to 
be extensively utilized under Solution Bl. However, with more intensive 
use of fertilizer and RD varieties, further rice production could be forth-
corning in all regions. The land 4 areas are not completely utilized. 
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Further studies are being done to determine how much of the remaining 
forest area within farms is usable and the potential consequences of using 
this land on watershed preservation and so forth. The problem of,labor 
unemployment or underemployment will remain unless there can be both more 
intensive use of existing land resources and expansion of the export markets. 
Effects of proposed development policy 
on regional income and employmen_~ 
In Table 15 estimates of net income and employment from crops for the 
current period and for B.E. 2524 for Solutions A and Bl have been calculated 
on a per household basis for comparison. The net income figures in Table 
15 indicate that, even in Solution Bl with medium exports, expansion in 
total output would be sufficient to increase the income of the average 
Thai farm household by 1,000 baht over current levels in B.E. 2524. Table 
15 also shows that the main benefits of increasing rice production 
through expanded irrigation, new varieties, and fertilizer, as well as 
increasing exports of upland crops, would go to the households in the 
North and Central Plain. However, the region with the lowest income per 
household is the Northeast. The results show that if production is allo-
cated according to a strict efficiency criterion, while migration of the 
population is restricted, the income of the average household in the 
Northeast would be even lower than the current level in B.E. 2524. 
The results in Table 15 show the number of days of crop labor per 
average Thai farm household would be approximately the same in B.E. 2524 
as in B.E. 2513-14. The number of days of employment per household does 
depend critically upon assumptions about rural to urban migration. If 
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the number of agricultural households increased according to historical 
trends (.8 percent per year) the number of agricultural households in B.E. 
2524 would be only 10 percent larger than in B.E. 2513-14 and the number 
of total days of labor per household would increase by approximately 60 
in Solutions A and Bl. The level of underemployment would be considerably 
less than indicated in this study [DAE, 1975]. 
Employment opportunities (as measured in man days of work per 
household) in both Solutions A and Bl are expected to increase most in 
the North and Central Plain where the main development projects are lo-
cated. When the market size is limited and the population migration is 
restricted, the employment opportunities for the average household in the 
Northeast would decline in Solutions A and Bl when compared to current 
levels. 
The quantities of production, income, and use of resources such as 
land, fertilizer, irrigated paddy, and seed expense for rice and upland 
crops in each region as shown in Table 16 represent the resource alloca-
tion which would maximize the income of all farmers in meeting the produc-
tion targets for Solution Bl. The inputs of fertilizer and RD varieties 
for rice in the Northeast were fairly extensive as compared to other regions. 
However, the yield of rice remained lower than in other regions. As men-
tioned previously, the Northeast is expected to be a rice deficit area by 
B.E. 2524. Rice is still expected to be the largested contributor to 
GDP in all regions except the South. 
The changes between the regional resource input at the regional level 
for Solution Bl and those resource input levels for Solution A are shown 
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in Table 17. As illustrated in Table 17, rice production would be less 
in all regions except the Northeast. In the Northeast, food requirements 
for the larger Bl population would be greater than any decline in regional 
exports from Solution A. The rice yield would have to be higher in Solu-
tion Bl than Solution A because of the smaller land base relative to total 
market size. Therefore, even though total rice production would be less, 
the use of RD rice varieties, fertilizer, and other capital requirements 
for rice production would be higher in Solution Bl than in Solution A. 
With the exception of the South, the capital requirements for upland crop 
production would be less for Solution Bl than for Solution A. Approximately 
the same total upland crop area would be required for either Solution A 
or Bl. 
Solution B2: Moderate Development 
Alternative with Northeast Income Constraints 
Development situation 
Examination of the effects of the production policies outlined in 
Solutions A and Bl indicated the levels of development would be sufficient 
to meet demand for the market sizes assumed for the respective solutions. 
Furthermore, output expansion would be sufficient to increase income for 
the average Thai farm household by approximately 1,000 baht per year over 
current levels. The benefits of the production policy for rice would be 
concentrated in the North and in the Central Plain. The highest yields of 
rice were typically obtained in the North followed by the Central Plain. 
The wide flat river valleys of the North and Central Plain are more suited 
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Table 17. Changes in regional production and consumption requirements 
between Solution A and Bl for rice and upland crops 
A-Bl 
Item Unit a Region 
Northeast North Central Plain South 
Rice 
Production mt 
- 70 10 206 117 
Consumption mt 
-270 -496 
-289 20 
Surplus or deficit mt 1 506 495 137 
Net rice income mb 
-105 29 533 737 
Planted rai rice mr 
- .1 .4 1.5 
.1 
Rai fertilized mr . 7 
- .1 - .4 0 
RD varieties planted mr - . 2 -1.4 
-
.4 
.4 
Rice, rai irrigated mr 1.2 1.4 5.2 1.4 
Yield, all rice kg/rai - .2 
- 10 21 23 
Yield, RD rice kg/rai 
- 64 143 2 6 
Labor required md 3 - 12 11 3 Capital required rice mb 
-123 -429 
- 80 3 UEland 
Net revenue mb 146 1,552 576 263 
Planted rai mr . 3 4.0 .3 0 
Net revenue per rai b 
- 34 31 34 172 
Labor requirements md 7 38 19 5 Capital requirements mb 53 325 397 
-174 
aAbbreviations are: mt million tons, mb = million baht, mr = million 
rai, kg = kilograms, md = million man days, b = baht. 
to the development of large-scale irrigation projects than is the Northeast 
and Southern regions. Thus, the proposed regional concentration of the 
rice production would appear to closely follow an optimal allocation of 
projects determined by selecting projects with the highest internal rates 
of return. Such a ranking maximizes the income of all farmers. Similarly, 
since the increased use of forest area already in farms occurs more rapidly 
in the North and in the Central Plain regions, which has the highest yield 
potential, the competitive position of the Northeast in upland crop produc-
tion declines accordingly. 
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Thus, not all farmers in all regions can expect positive income 
changes from the development situations outlined in Solutions A and Bl. 
The result would be a more unequal distribution of income within the rural 
sector in B.E. 2524 than in B.E. 2514. 
The purpose of Solution B2 was to search for a countervailing 
production policy which might be extended to the Northeast in order to 
increase income from the production of upland crops by 1,000 baht per house-
hold per year. The income constraint was applied only to upland crops 
because the results for Solutions A and BL in Table 16 showed that even 
fairly large increases in fertilizer use and in adoption of RD varieties 
in Northeast rice production would not be enough to maintain self suffi-
ciency in rice production in the Northeast. Further farmer adoption of 
new rice technology beyond that shown in Table 16 by B.E. 2524 did not seem 
feasible. Figures 11 and 12 indicated surplus labor and upland area which 
could be used for further production increases in the Northeast. 
All constraints and model data for Solution B2 were the same as for 
Bl except for the inclusion of the value added constraints for upland 
crop production which were used in all regions. The income constraints 
have previously been described as equation (11). The income constraints 
described by equation (11) insure that income per household in the North, 
Central Plain and in the South from upland crop production will be at 
least as great in B.E. 2524 as in B.E. 2514 while the upland crop income 
in the Northeast per household would at least be 1,000 baht more in B.E. 
2524 than in B.E. 2514. For the average household, the constraints re-
quire the minimum level of income or value added from upland crops in the 
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Northeast, North, Central Plain, and South to be 2,000; 2,441; 9,539; 
and 5,513 baht per year, respectively. The income constraints in this 
study are used to search for those crops for which there is sufficient 
market and current technology available to justify the inclusion of these 
crops in an extension program to increase income per household by 1,000 
baht for the two million Northeast households expected by B.E. 2524. 
In order to prevent unrealistic levels of production of maize, 
cassava, and kenaf in the Northeast, a series of trend level upper bounds 
were imposed on area which could be planted to these crops. The bound 
does not force production of the above crops but prevents the planted 
area from exceeding trend projections in each zone. The areas planted 
to maize, cassava, and kenaf in the five zones of the Northeast along with 
the upper bounds and B2 solution activity levels are shown in Appendix 
Table A-8. 
Results of Solution B2 compared with 
A and Bl 
Solutions Bl and 82 have the same total level of production. The 
results in Table 18 show that if production were allocated to increase the 
net value from upland crop production in the Northeast by 1,000 baht per 
household over B.E. 2514 levels, net crop income for the Kingdom would be 
slightly lower than in Solution Bl. Total crop income Solution 82 would 
be about 2 percent lower than for Solution Bl. The decline in crop income 
or value added would occur because of the lower yields per planted rai 
in the Northeast. The difference in crop income between Solutions Bl and 
B2 is expected to amount to less than 100 baht per year for the average 
farm household. 
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Table 18. Comparison of total crop income and resource use in Solutions 
B2, Bl and A for Thailand in B.E. 2524 
Item 
Net value crops produced 
Costb 
Deep flooding paddy (Ll) 
Irrigated paddy, WS (L2) 
Irrigated paddy, DS (L2) 
Rainfed paddy (L3) 
Upland (L4), WS 
Upland (L4), DS 
Unused paddy 
Labor, WS 
Labor, DS 
Crop workers Dec. 
Total capital 
RD varieties 
Rai fertilized 
Rice fert, seed, pest. 
Rice tractor expense 
Upland crops, value prod. 
Upland net crop income 
Upland planted rai 
Upland fert, seed, pest. 
Upland tractor services 
aAbbreviations are: mb 
million days, t = thousand. 
a 
Unit 
mb 
mb 
tr 
tr 
tr 
tr 
tr 
tr 
tr 
md 
md 
t 
mb 
tr 
tr 
mb 
mb 
mb 
mb 
mr 
mb 
mb 
A 
56,978 
18,195 
2,927 
19,510 
3,052 
30,829 
29,706 
29,758 
3,731 
1,025 
263 
8,489 
8,386 
6,456 
17,898 
1,826 
758 
26,416 
21,444 
39,547 
1,658 
1,500 
million baht, tr 
Solutions 
Bl 
53,303 
16,944 
2, 927 
13,381 
2,509 
35,013 
26,412 
26,584 
1,055 
1,000 
211 
8,671 
8,397 
8,107 
17,000 
2,154 
708 
25,894 
19,472 
35,051 
1,502 
1,235 
thousand rai, md 
B2 
52,918 
17,654 
2, 927 
13,665 
2,493 
35,263 
27,515 
29,825 
1,052 
1,047 
243 
8,762 
8,812 
8,280 
17' 511 
2,137 
707 
25,987 
18,991 
37,481 
1,536 
1,449 
b Cost includes assembly, processing and interregional transportation 
charges. 
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Table 17 illustrates that the shift in upland crop production to 
the Northeast to increase income in that region would have very little ef-
fect on total land or other resources used for rice production. Total 
labor and capital requirements are increased as the total land area for 
upland crops along with labor and capital requirements increase between 
Solutions Bl and B2. The increase in resources required to produce a given 
volume of production is consistent with the decline in total crop income. 
The quantity of land resources required for B2 is less than the land re-
quired for A but the capital requirements for B2 exceed those for A. 
Solution B2 requires 1.1 and 3.3 million more rai of upland area in the 
wet and dry seasons, respectively, than does Solution Bl. The increased 
capital requirements for upland crop production in B2 compared to Bl are 
for tractor services, fertilizers, and hired labor necessary to plant a 
larger area than is required for Bl. 
The changes in income from crops and the resources used in producing 
rice and upland crops for Solution B2 versus Solutions A and Bl are shown 
in Table 19. 
When the market size is held constant as between Solutions B2 and 
Bl, the gain in the Northeast income would come largely at the expense of 
households in the North and Central Plain. With no interregional migration, 
there are an expected 2,026,000 farm households in the North and Central 
Plains, respectively. The total increase in Northeast income between 
Solution Bl and B2 was 2,204 million baht. Total crop income for Thailand 
declined by 815 million baht. On the average, with a fixed market and con-
stant prices, each baht increase in Northeast income caused a loss of 1.37 
baht net crop income from the North, Central Plain, and Southern regions. 
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Table 19. Comparison of regional income and employment per household 
in B.E. 2524 for Solutions A, Bl and B2 
Region 
Northeast North Central Plain South Kingdom 
Total crop income 
(baht per year) 
B2 6.551 11,293 20,645 12,306 11,235 
B2 - Bl 1,088 -1,555 -1,463 -736 -97 
B2 - A 1,052 -3,017 -2,677 -14 -666 
Net upland crop income 
(baht per year) 
B2 1,994 2,487 7,446 8,070 4,005 
B2 - Bl 1,096 -1,559 -1,497 -731 -101 
B2 - A 1,028 -2,975 
-2 '117 -469 -629 
Total crop labor required 
(days per year) 
B2 263 205 336 331 272 
B2 - Bl 55 -33 -2 -5 15 
B2 - A 51 -57 -31 -17 
Capital (baht per year) 
B2 1,437 1,554 3,895 787 1,858 
B2 - Bl 535 -287 -60 -470 88 
B2 - A 562 -180 -403 -245 90 
Upland area (rai per year) 
B2 5.5 6.5 8.9 16.5 7.9 
B2 - Bl 3.4 -2.8 -1.2 -.5 .5 
B2 -A 3.4 -6.3 -1.6 -.5 -.5 
The total capital, labor, and upland resources for the Kingdom would 
be greater for Solution B2 than for Bl. This is because the yields per 
rai are lower in the Northeast than in the North and Central Plain. More 
land, and hence, more capital and labor resources, would be required to 
produce a given volume of output than when the emphasis is strictly to find 
the most efficient means of producing a given level of outputs. 
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The results in Table 19 show employment for the Northeast household 
in Solution B2, would be more than SO days greater than for either Bl or 
A. Capital requirements for B2 as compared to Bl or A increased about 
500 baht for the average Northeast household and about 88 baht for the 
average Thai farm family. The increase in Northeast resource requirements 
more than offset resource savings in other regions. Total upland area 
planted is increased by more than 3 rai per household in the Northeast 
and one-half rai for the average Thai household. 
The comparison of the expected gains and corresponding reductions in 
income and planted area between the Northeast and the rest of Thailand 
are summarized along commodity lines in Table 20. For the major crops 
listed in Table 20, the increase in planted area requirements in the North-
east would be greater than the corresponding reduction of planted area for 
the same crops in the other regions of Thailand. For example, between 
Bl and B2 the area planted to maize in the Northeast would have to increase 
by 3.5 million rai while the planted area would decline by 1.5 million rai 
in the other regions. The income from Northeast maize production increased 
by 621 million baht while maize income declined by 477 million baht in 
the remaining regions. 
The results show continued expansion of maize and cassava production 
at a rate consistent with past trends would improve the regional distribu-
tion of income. The area planted to mungbeans also showed considerable 
change in response to the income constraint between Solutions Bl and B2. 
However, more research would be indicated in the case of mungbeans as 
statistics on area planted have not shown rapid increases in the area 
planted to mungbeans in the Northeast. 
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The increase in net crop income, labor and capital resources required 
by the changes in production levels between those in B.E. 2514-15 and those 
expected in B.E. 2514 for Solution B2 are shown in Table 21. 
The production increases which are expected to account for the 
biggest increase in net crop income between B.E. 2514 and B.E. 2524 were 
rice, maize, sugar cane, and the collective sum of the minor crops. The 
increase in demand for rice would account for the largest change in net 
income, employment, and capital requirements. Total labor requirements 
are expected to increase by 2,689 million hours or slightly more than 1 
million full man years of employment. Total capital requirements in B.E. 
2518 resource prices are expected to increase by 3,231 million baht. This 
would represent a 58 percent increase in capital requirements over the 
B.E. 2514-15 levels. These estimates assume that the value of machine 
services or the labor-capital ratio for all inputs except rice fertilizer 
remain constant. As there have been steady increases in the level of non-
fertilizer capital inputs, such as tractor services unit of output, the 
total expected capital requirements would be underestimated. 
Solution C: Analysis of Alternative 
Population Growth Rates 
The purpose of Solution C is to determine the effects by B.E. 2524 
if the annual population growth rate is constant at 2.8 percent per year 
rather than declining from the current official estimate of 2.5 percent 
per year to 2.1 percent per year as called for by family planning targets. 
This alternative is of particular interest because there are several dif-
ferent estimates of the current population growth rate. 
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The only change in the model for Solution C was the use of the 
"high population" level domestic food requirements rather than the "low 
population" domestic food requirements (also shown in Appendix Table A-6) 
which were used for Solution A. All other coefficients and constraints 
of the model were the same for both solutions. For example, exports were 
maintained at the"high" level (as shown in Appendix Table A-1) in both 
Solutions A and C. It was assumed that the area receiving irrigation 
water would be 19.3 million rai in both Solutions A and C. The same upper 
limi~s on fertilizer use and RD variety adoption were used for both solu-
tions. The total supply of agricultural workers also remained the same 
between Solutions A and C (and for all other solutions) because changes in 
the current rate of population growth over the next 6 years would not 
change the number of economically active workers between 15 and 64 years 
of age by B.E. 2524. 
Comparison of results between 
Solutions A and C 
The results in Table 22 for the Kingdom show that the increase in 
food requirements for A--2.8 percent larger population (1.6 million persons)--
could be met without a reduction in exports. The higher domestic food 
requirements in Solution C would actually mean an increase in total net 
farm income of 1,255 million baht (2 percent) or about 265 baht more per 
agricultural household over that estimated under Solution A. Land sup-
plies are limited, so the 2.7 percent increase in demand would result in 
only a 2 percent increase in net value added from crop production but a 4 
percent increase in capital requirements. The larger level of demand can 
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be met by the use of more capital intensive production methods. As 
shown in Table 22, the use of RD varieties would increase by 4 percent 
while the use of fertilizer compounds in Solution C is 14 percent larger 
than in Solution A. The demand for labor is about 1.0 percent higher in 
Solution C than in Solution A. 
Table 22. Comparison of crop income and resource use in Thailand if the 
population were increasing at the rate of 2.1 percent (A) and 
if the population were increasing at 2.8 percent (C) per year 
in B.E. 2524 
~~~tgrop income 
Deep flooding paddy (Ll) 
Irrigated paddy, WS (L2) 
Irrigated paddy, DS (L2) 
Rainfed paddy (L3) 
Upland paddy, WS (L4) 
Upland paddy, DS (L4) 
Unused paddy 
Labor, WS 
Labor, DS 
Crop workers, Dec. 
Total capital 
Rice area fertilized 
RD varieties 
Fertilizer (16-20-0 equiv) 
Kilogram per rai fertilizer 
.a Unlt 
mb 
mb 
tr 
tr 
tr 
tr 
tr 
tr 
tr 
md 
md 
t 
mb 
tr 
tr 
tt 
A 
56,907 
18,195 
2,927 
19,509 
3,052 
30,978 
29,706 
29,756 
3, 713 
1,029 
263 
8,489 
8,386 
17,898 
6,456 
406 
23.0 
c 
57,687 
18,629 
2' 927 
19,509 
3,594 
30,818 
29,838 
29,786 
3,108 
1,024 
277 
8,459 
8,705 
17,935 
6, 721 
461 
25.7 
A-C 
1,255 
434 
0 
0 
-542 
160 
- 132 
30 
605 
5 
14 
30 
319 
37 
265 
55 
- 2.7 
A-C I A 
(percent) 
2 
2 
0 
0 
-17 
1 
16 
- 5 
- 4 
- 4 
-14 
-10 
aAbbreviations are: mb = million baht, tr thousand rai, md million 
days, t = thousand, tt thousand tons. 
bCost of variable inputs and transportation but excluding returns to 
land and labor. 
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The regional differences between production, consumption and resource 
use and income for rice and upland crops for Solutions A and C are com-
pared in Table 23. 
Table 23. Regional effects of alternative population growth rates on 
rice production, upland crop production 
Unit a Solution A- C Items Northeast North Central Plain South Kingdom 
Rice 
Production tt -46 10 -320 -3 -360 
Consumption tt -117 -90 -113 -41 -360 
Surplus tt 81 80 -177 38 0 
Income mb -60 30 -598 -8 -644 
Planted rai mr .1 -.5 -.4 
Labor md 3. 0 -7 0 -3 
Capital mb -119 4 -166 -6 -287 
UEland CroEs 
Income mb -3 -65 -33 2 136 
Planted rai mr -30 -135 -5 0 -170 
Labor md -1 -5 0 -1 -7 
Capital mb -48 -8 -23 -6 -62 
aAbbreviations are: tt = thousand tons, mb 
million rai, and md = million days. 
million baht, mr = 
In Table 23 only the differences between the levels for Solution A 
and for Solution C are shown. The negative entries mean that the amount 
of the respective item was greater in Solution C than in Solution A. The 
results show that the increased rice demand (from a larger population) 
could be met most efficiently by increasing rice production in the Central 
Plain and shifting more of the upland crop production to the North (zones 
6 and 8). As the population increased between Solutions A and C the amount 
of exportable rice surplus declined in the Northeast, North and Southern 
regions and increased in the Central Plain. Total rice production declined 
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slightly in the North as the increase in demand for upland crops 
replaced some rice production in that region. Net crop income from both 
rice and upland crops increased in all regions. 
Solution D. Analysis of 
Alternative Export Levels 
Solution D was included in the study to show the effect of exports 
being at a "low" level in B.E. 2524 rather than at the "high" level assumed 
for Solution A. All parameters of the model were the same except that the 
high level of exports shown in Table 3 was used with Solution A and the 
low level of exports was used with Solution D. 
Results for Solutions A and D compared 
The effects of the decline in demand from Solution A to Solution D 
(Table 24) are similar but of opposite direction compared to those due to 
the increase in demand from Solution A to Solution C. Farm crop income 
is expected to decline by 14 percent from Solution A to D. 
As expected, the demand for all resources would be less with "low" 
exports than for "high" exports in 1981. However, the percent decline 
in capital resources would be greater than the percent decline in paddy 
land resources. The upland area declined by 20 percent from Solution A to 
D. Less capital intensive production methods can be used to meet a smaller 
level of final demand in Solution D so the percentage decline in capital 
inputs would be greater than the percentage decline in land use. The min-
imum supply prices of rice in the Central Plain would also be lower in 
Solution D than in Solution A. 
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Table 24. Comparison of estimated total crop income and resource use 
for Thailand with Solutions A and D in B.E. 2524 
Net crop income mba 
Cost mb 
Deep flooding paddy tr 
Irrigated paddy WS tr 
Irrigated paddy DS tr 
Rainfed paddy, WS tr 
Upland, WS tr 
Upland, DS tr 
Rice, total planted area tr 
Total unused paddy area tr 
Labor, WS mm 
Labor, DS mm 
Crop workers, Dec. mm 
Rice, rai fertilized t 
Rice, RD varieties planted 
Rice, tons fert. required 
Rice, kg/rai fertilized 
Supply price, Central Plain 
(baht per ton) 
Paddy, nonglutinous 
Paddy, glutinous 
Maize 
A 
56,907 
18,195 
2,927 
19,510 
3,052 
30,829 
29,706 
29,758 
56,466 
3, 713 
-41 
10 
8,489 
17,898 
6,456 
406 
23 
803 
642 
773 
D 
50,077 
14,925 
3,400 
19,588 
2,380 
30,422 
23,780 
24,013 
54,690 
3,182 
38 
8 
8,165 
17,452 
6,236 
337 
19 
716 
545 
749 
aAbbreviations are: mb = million baht, tr 
million man months, and t = thousand. 
A-D 
6,830 
4,270 
-627 
-78 
627 
402 
5, 926 
5,745 
1,756 
531 
3 
2 
324 
446 
220 
69 
4 
87 
97 
24 
A-D I D 
(percent) 
14 
18 
-21 
22 
1 
20 
19 
3 
14 
7 
20 
4 
2 
3 
17 
17 
12 
18 
3 
thousand rai, mm 
The estimated planted area for major crops which would meet production 
targets in B.E. 2524 for the respective solutions A, C, and D along with 
the actual levels for B.E. 2514-15 are shown in Figure 13. The respective 
planted areas for solutions A, C, and D show much more response to changes 
in export markets (Solutions A and D) than to changes in the population 
growth rate (Solutions A and C). 
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I I 1 \~~,,~+\441-1~1 ++1~1 ~1-rrl++i-
RICE million rai 
MAIZE 
RUBBER 
D B.E. 2514-15 planted area 
Solution A (high exports, low population) 
CASSAVA ... 
i'·j! Solution c (high exports, high population) 
= 
Solution D (low exports, low population) 
SUGAR CANE 
KENAF 
OTHER CROPS 
Figure 13. Planted area of selected crops which meet production targets 
for Solutions A, C, and D for Thailand in B.E. 2524 and actual 
areas planted in B.E. 2514-15 
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The planted areas necessary to meet targets for each crop in Figure 
13 and the income and employment estimates in Table 25 show that exports 
of rice and maize had the greatest direct effect on income. employment, 
and land use. The area planted to sugar cane was small relative to rubber, 
yet, a 1.000 rai reduction in sugar cane planting would cause an income 
loss comparable to 2,000 rai reduction in area planted to rubber. The per 
rai earnings from sugar cane shown in Table 25 indicate large potential 
earnings from production of this crop. 
Table 25. Effect of high and low levels of exports on income and labor 
use for Thailand in B.E. 2524 
Crop Area Planted 
A A-D 
(million rai) 
Rice 55.7 2.3 
Haize 13.7 4.7 
Rubber 8.0 1.6 
Cassava 3.6 1.2 
Kenaf 2.2 1.8 
Sugar cane 1.9 .6 
Labor Use 
A A_ D Change~ per ra1 
(million man days) 
744 25 11 
122 40 8 
133 26 16 
57 20 17 
39 6 3 
34 ll 18 
Net Revenue 
A A-D Change a per rai 
(mill ion baht) 
34,458 1,215 528 
6,202 1,382 294 
3,330 698 436 
1,506 756 630 
615 99 55 
2,903 974 1,623 
aCalculated by dividing the change between Solutions A-D by the change 
in area planted between Solutions A and D. 
Total production of each crop in Solutions A and D was allocated to 
the zones where that crop can be produced most efficiently. Total produc-
tion in each zone is limited by the availability of resources in that zone. 
The differences in income, production, and resource use for each 
region and for upland crops are summarized in Table 26. The results show 
that alternative levels of rice exports have the greatest effect on the 
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income, employment. and resource use in the Central Plain. The 
reduction in the total rice exports target by 1,078,000 tons would reduce 
total land use by 2,390,000 rai. 1,480 of which would be in the Central 
Plain. Income and employment in the South, a rice deficit region, would 
be essentially unaffected by a change in price export levels. The results 
indicate that major effects of increases or decreases in export levels 
of upland crops would be in the North and Central Plain regions. 
Table 26. Changes in regional production and resource use for rice and 
upland crops as exports change from high to low levels 
A - D Unita 
Northeast North Central Plain South Kingdom 
Production tt 
Net rice income mb 
planted rai tr 
Rai fertilized tr 
RD varieties mr 
Rai irrigated mr 
Yield, all rice kg 
Labor md 
Capital, total mb 
Fert compound tt 
Net revenue mb 
Planted rai mr 
Labor md 
Capital mb 
aAbbreviations used: 
thousand rai, md = million 
million rai. 
Rice 
70 197 839 5 1,078 
85 411 1,739 11 2,220 
350 590 1,480 0 2,390 
0 0 .5 0 
11 0 1,400 0 1,480 
100 0 1,200 0 1,310 
1 0 21 2 
5 3 20 0 28 
21 37 478 2 537 
2 0 68 0 70 
Upland 
668 2,562 1,449 21 4,680 
1,211 6,880 697 560 9,353 
23 64 25 16 130 
90 572 620 -76 1,206 
tt = thousand tons, mb = million baht, tr 
man days, and kg = kilograms per rai, and mr 
.5 
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Table 27 shows there are some interregional shifts in the most 
efficient location for production of maize, cassava, and sugar cane. 
Maize production in the Central Plain would be greater in Solution D than 
in Solution A. Cassava production is greater in the South in Solution D 
than in Solution A where total exports for the Kingdom are higher. Cas-
sava production increases in the South as the rubber area in the South 
declined in Solution D because of the lower export target. The maize pro-
duction in the Central Plain increases somewhat as the production of sugar 
cane and cassava decline in that region. The estimated production of up-
land crops for B.E. 2524 in the Northeast is lower than reported in B.E. 
2513-14. This is partly because the model allocates the area planted 
according to an efficiency criterion and partly because the upland area 
is expanded to include the forest area now in farms. The results show 
both the North and Northeast to be marginal areas in the production of 
upland crops. The Northeast is marginal in that efficient allocation of 
production in Solutions A and D implies a smaller planted area in the 
Northeast than is currently planted. This was because the expansion of 
area for upland crops over current levels in the remaining regions exceeds 
the increase in area required to produce the export levels for either 
Solutions A or D. Between Solutions A and D, the change in the North is 
greater than for the remaining regions. 
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Table 27. Comparison of area planted to major upland crops in each 
region for Solutions A and D and the estimated area planted 
in B.E. 2513-14 
Re ion 
Northeast North Central Plain South Kingdom 
Maize 
Actual, B.E. 2513-14 999 3,332 2,360 6,693 
Solution A, B.E. 2524 93 9,411 4,376 13,877 
Solution D, B.E. 2524 93 3,401 5,694 9,189 
Cassava 
Actual, B.E. 2513-14 210 33 1,193 127 1,565 
Solution A, B.E. 2524 324 463 2,436 801 3,608 
Solution D, B.E. 2524 56 46 1,104 1,275 2,482 
Sugar Cane 
Actual, B.E. 2513-14 49 52 890 991 
Solution A, B.E. 2524 134 102 1,715 1,952 
Solution D, B.E. 2524 134 102 1,103 1,340 
Rubber 
Actual, B.E. 2513-14 549 6,539 7,088 
Solution A, B.E. 2524 354 7,685 8,040 
Solution D, B.E. 2524 83 6,345 6,429 
All Other Upland Crops 
Actual, B.E. 2513-14 2,846 2,320 555 795 6,558 
Solution A, B.E. 2524 3,396 5,143 865 2,466 12,245 
Solution D, B.E. 2524 2,475 4,059 1,059 2, 773 10,366 
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Solution E: Production Potential With 
Increased Fertilizer and New Rice Varieties 
Development situation for 
Solution E 
The purpose of Solution E is to study the possibility of meeting the 
high export target by increased use of fertilizer and rice varieties with-
out an increase in the area receiving irrigation water. Previously, Solu-
tion A described a situation with optimistic adoption rates of new rice 
varieties and fertilizer use combined with an increase of 9.6 million rai 
of land under irrigation. 
The major difference in the model between Solutions A and E is that 
the irrigation area is restricted to current levels in Solution E (see 
Appendix Table A-4) while it was assumed the irrigation areas expanded 
to the irrigation targets in Solution A (see Appendix Table A-2). The 
croppable amount of rainfed paddy area would be 5.3 million rai greater 
in Solution E than in Solution A but the total land area for rice would 
be greater in Solution A. The land restraints for the Kingdom are sum-
marized in Table 28. The total rainfed paddy (land 3) area is decreased 
by 9.6 million rai in Solution A. Since only about 55 percent of the 
land 3 area is assumed to be croppab1e in the average year, the croppable 
land 3 area is reduced by 5.3 million rai while the wet season irrigated 
(land 2) area is increased by 9.6 million rai in Solution A. The dry sea-
son irrigated area is 3.0 million rai greater in Solution A than in Solu-
tion E. The net result is that the total croppable land per year is 7.3 
million rai larger in Solution A than in Solution E. 
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Table 28. Restraints on area fertilized, adoption of RD varieties on 
irrigated and rainfed paddy in Solutions A and E, B.E. 2524 
Item 
Total rainfed paddy 
Croppable rainfed paddy 
RD varieties on rainfed paddy 
Irrigated area, wet season 
RD varieties irrigated area 
Irrigated area, dry season 
RD varieties irrigated, dry season 
Rice area fertilized 
A 
48.6 
32.3 
7.8 
19.3 
12.4 
4.9 
3.8 
20.6 
Solution 
E 
(million rai) 
58.2 
37.6 
10.9 
10.2 
6.4 
1.9 
1.6 
19.6 
A-E 
-9.6 
-5.3 
-3.1 
9. I 
6.0 
3.0 
2.2 
1.0 
The maximum proportion of land 2 and 3 which could be planted to new 
varieties by B.E. 2524 was the same for Solution A and E but the number 
of planted rai differed because the amounts of land 2 and land 3 differed 
between Solutions A and E. 
It was assumed that no more than 80 and 25 kilograms, respectively, 
of 16-20-0 fertilizer compound per rai would be used for RD and old vari-
eties of rice in both Solutions A and E. 
Results 
The Kingdom level results for Solutions A and E are compared in 
Table 29. The results show the "high" rice export targets (total production 
16.1 million tons) could be met by the increased use of fertilizer and in-
creased planting of new rice varieties. Solutions A and E illustrate two 
alternative production methods of reaching the production targets. In 
Solution A the increased irrigation area is assumed available to the farmer 
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Table 29. Estimated crop income and resource use for Thailand in B.E. 
2524 from Solutions A and E 
Solution 
A 
Net farm income 56,907 
Cost mb 18,194 
L2 tr 2, 927 
L2, w tr 19,510 
L2, D tr 3,052 
L3 tr 30,829 
L4, w tr 29,706 
L4, D tr 29,758 
Labor md 1,029 
Labor, D.S. d 263 
RD varieties tr 6,456 
Rai fertilized tr 17,998 
Tons fertilizerc 406 
Supply price (Central Plain, baht per ton) 
Rice, nonglutinous 
Rice, glutinous 
aAbbreviations are: mb 
days, and d = days. 
803 
642 
million baht, tr 
b Change divided by 9.6 million rai. 
E 
54,149 
19,246 
2,119 
10.240 
1,861 
37,623 
29,485 
30,221 
1,031 
257 
11,557 
18,459 
619 
1,295 
1,184 
Change 
A - E 
2,758 
-1,052 
808 
9,270 
1,191 
-6,794 
221 
-463 
2 
11 
-5,299 
-561 
-213 
-492 
-542 
Change 
per rai 
including 
irrigated 
paddyb 
287 
-104.9 
0.08 
.96 
.12 
-.70 
.02 
-.04 
-.54 
-.05 
-.022 
thousand rai, md million 
cTons of 16-20-0 equivalent fertilizer used on rice. 
at no cost. The major difference in the results is that variable capital 
inputs in the form of fertilizer and new rice varieties would be greater 
in Solution E than in Solution A. As a result. the minimum price at which 
farmers would be willing to produce 16.1 million tons or rice is expected 
to be 500 baht per ton more in Solution E than in Solution A. The maximum 
market size was fixed in both studies. The amount of labor used in the 
wet season is approximately the same in both solutions. The use of dry 
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season irrigated land and labor would be about 1.1 million rai and 11 
million man days larger in Solution A than in Solution E. 
Total rai of wet season paddy used was 7 percent greater while 
fertilizer requirements were one-third less with Solution A than with 
Solution E. Column 4 in Table 29 summarizes the average effect of one 
rai change in the irrigated area given the total demand, the labor force, 
the product price, and the input cost situation. Each additional rai of 
irrigated wet season paddy made available is shown to increase farm income 
by 287 baht, to reduce production costs by 108 baht, and to increase land 
2 wet season use by .96 rai and dry season use by .12 rai. The land 3 
area planted declined by .7 rai for each additional rai of irrigated area 
available. 
As the irrigated area is expanded by public funds, a reduction in 
the cost of production to the farmer occurs because of a reduction in the 
use of RD varieties and in the quantity of fertilizer applied per rai. 
Part of the reduction in the RD varieties occurred because these activities 
are modeled with heavier fertilizer applications than were the native 
varieties. The reduction in fertilizer use from Solution E to A is 22 kg 
per rai and accounts for 99 baht of the 105 baht per rai cost saving. 
The average rice yield was 314 kg per rai with Solution E and 288 kg per 
rai under Solution A. Thus, the expansion of the irrigation area by public 
funds allows greater use of traditional techniques of production and a 
lower supply price to the nonfarm sector. 
Employment (Table 30) is measured both with respect to the total days 
of labor for the entire season and by the number of man days employed 
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during peak labor months in each region. Solutions A and E would each 
utilize about 43 percent of the total number of hours available during 
the wet season. 1n the dry season, 27 percent and 26 percent of the total 
crop labor would be utilized with Solutions A and E, respectively. The 
peak month employment figures in Table 30 (which are based on selected 
months in each zone), show that about 75 percent of the available crop 
labor would be utilized. Any estimate of unemployment or underemployment 
is also heavily dependent on the number of hours it is assumed farmers are 
willing to work. In this study, it is assumed farmers would be willing 
to work 8 hours per day for an average of 25 days per month. 
Table 30. Labor use for Solutions A and B for each region in the wet 
season and by peak month for Thailand in B.E. 2524 
Wet Season Peak Month Region Supply Solution A Solution E Supply Solution A Solution E 
days Use Use Days Use Use 
Percent Percent Percent Percent 
Days Days Days Days 
Northeast 1,218 388 22 399 33 130 130 72 129 71 
North 544 249 46 273 50 81 65 80 67 82 
Central Plain 285 249 72 221 64 57 40 70 40 72 
South 284 140 49 166 47 45 38 85 37 83 
Kingdom 2,333 1,025 43 1,027 45 363 273 75 272 74 
The change in irrigation area is shown to have very little effect on 
wet season employment because the maximum market size was assumed to be 
fixed and domestic plus export targets were fully met in both plan alterna-
tives. The wet and dry season labor use is further summarized on a per 
worker basis, by region, in Table 31. The benefit of the expanded irrigation 
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area is expected to fall mainly in the Central Plain where most of the 
increased irrigation area occurs. The income per worker is expected to 
increase in all regions except the North. Employment would be slightly 
less in the North and Northeast regions under the irrigation expansion 
(A) than under Solution E. 
Table 31. Net farm income per crop worker and hours of wet and dry 
season employment per crop worker under Solutions A and E 
Northeast North 
A E A-E A E A-E 
Net crop income, baht 2,012 1,931 81 9,032 6,182 -146 
Hours/worker, ws 517 532 -15 738 809 -71 
Hours/worker, DS 48 48 0 147 154 -7 
Central Plain South 
A E A-E A E A-E 
Net crop income, baht 11 '151 10,187 964 5,561 5,243 318 
Hours/worker, WS 1,046 930 116 745 710 35 
Hours/worker, DS 390 341 49 452 442 10 
The regional distribution of rice production and the land and 
technical inputs in the Northeast and North regions are shown in Table 
32. 
The irrigation targets in Solution A are to increase the area receiving 
irrigation by 1.1, 2.7, 4.5, and 1.2 million rai in the Northeast, North, 
Central, and Southern regions, respectively, by B.E. 2524. If there is no 
change in irrigated area in any of the regions, the rice production targets 
in the Northeast and North would have to be 160,000 and 460,000 tons 
greater than if the Solution A irrigation targets are achieved. The 
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increased production in the Northeast and North in Solution E would 
require the use of more RD varieties and fertilizer than in Solution A 
where the irrigated area is also expanded. In the Northeast, the respec-
tive yields of rice per rai for Solutions A and E are estimated to be 
207 and 216 kg per rai. The resulting target area for RD rice in the 
Northeast then is 1.5 and 4.3 million rai, respectively, for Solution A 
and E. The actual area planted to RD varieties in B.E. 2517 is less than 
30,000 rai. The RD area planted would have to be 24 times larger than 
the trend projection to achieve the production target for Solution E. 
The amount of fertilizer required to reach a given production target is 
also less when the irrigation area is greater. To reach the Northeast 
rice production target in Solution E with current irrigation area, an esti-
mated 243,000 tons of fertilizer would have to be applied to 6.8 million 
rai by B.E. 2524. In Solution A, fertilizer use on rice in Thailand is 
estimated to be 193,000 tons on 9 million rai. Current fertilizer use on 
rice was estimated to be 210,000 tons applied to 6.2 million rai. 
The results for the North were similar to those for the Northeast. 
In Solution E production was greater in both the Northeast and North. The 
production would shift to the Central Plain in Solution A as the irrigated 
area expands. The production target in the North in Solution E requires 
2.1 million rai planted to RD varieties and 1.3 million rai receiving 
158,000 tons of fertilizer. 
The results for the Central Plain and South regions are continued in 
Table 33. The rice production targets are shown to be higher in the Central 
Plain and Southern regions when the irrigation area was increased as in 
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Solution A. The proportion of the irrigation area planted to rice would 
decline as the total irrigation area increased if the market size is fixed. 
The percentage of idle irrigated land is greater in the dry season than 
in the wet season. This was partly due to the necessity of planting the 
nonphotosensitive RD varieties which had higher production costs with low 
levels of fertilization. 
The targets for area planted to RD rice by B.£.2524 in the Central 
Plain are estimated to be 3.0 and 3.8 million rai, respectively. for 
Solutions A and E. The average yield of all rice in the Central Plain 
is slightly higher in Solution A because there is a larger dry season rice 
crop. The dry season rice yields are expected to be higher than the cor-
responding wet season yields because the rice receives more radiation in 
the dry season. The fertilizer target for the Central Plain for Solution 
A is estimated to be 157,000 tons applied to 6.2 million rai. This would 
be an average of 25.4 kilograms per rai fertilized. The average application 
rate for Solution E would be 27 kilograms per rai fertilized. The target 
area fertilized would be 6.8 million rai. 
The rice production target for the South was estimated to be 160,000 
tons more for Solution A than for Solution E. The average yield in the 
South was estimated to be 11 kilograms higher in Solution A than in Solu-
tion E. The rice yield in the South is higher in Solution A because there 
is a larger irrigated area. The total fertilizer use remained constant 
but the actual application rate was higher in Sol11tion A than Solution E. 
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Solution F: Production Potential 
Without Technical Change 
Solution F represents a situation in B.E. 2524 where the irrigation 
area remained at current levels. In Solution F"it is also assumed that 
fertilizer use per rai remains at current levels while the area planted 
to RD varieties could not expand beyond trend levels. 
The parameters or restraints for each zone or region used for Solutions 
A and F were as follows: 
Fertilizer Use 
Irrigation Area 
Area planted to RD 
varieties 
Solution F 
Current level 
Current, Table A-4 
Trend, Table A-8 
Solution A 
Up to 80 kg/rai for RD 
varieties 
Up to 25 kg/rai for native 
varieties 
Optimistic, Table A-2 
2X trend, Table A-8 
The additional high fertilizer production processes which were defined 
for Solutions A, C, D, and E were excluded from the model for Solution F. 
The Kingdom totals for the restraints for Solutions A and F are summarized 
in Table 34. Solution F had the same irrigation area as Solution E but 
it was assumed the use of fertilizer and RD varieties could be expanded 
in Solution E. 
Other constraints in Solution F restrict the adoption of RD varieties 
to trend level projections in each region and restricted the rice area 
receiving fertilizer and fertilizer application to current levels. In 
Solution A, the adoption of RD varieties was limited to no more than two 
times the trend projection. Likewise, the area receiving fertilizer was 
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restricted to trend rates while fertilizer application rates on RD and 
native varieties did not exceed 80 or 25 kg per rai, respectively. 
Table 34. Levels of irrigation development and maximum levels of 
fertilizer and RD variety adoption allowed for Solutions 
A and F 
Total rainfed paddy, million rai 
Average croppable rainfed 
paddy area rai 
Irrigated, lv. s. rai 
Irrigated, D.S. rai 
Maximum rice area fertilized rai 
Maximum level RD varieties rai 
Fertilizer on rice 
RD, Maximum, kg per rai 
Native rice, maximum kg per rai 
Comparison of results for Solutions 
A and F 
Solution F Solution A 
58.2 48.6 
37.6 32.3 
10.2 19.8 
1. 96 4.9 
14.9 20.6 
10.4 21.1 
Current level 80 
Current level 25 
The major impacts of the expanded productive capacity on resource 
use are summarized in Table 35. With existing technology, total produc-
tion would be sufficient to meet domestic food needs but would not be suf-
ficient to meet an export target of 2.5 million tons of paddy. However, 
with the expanded capacity in Solution A, the export target could be met 
with some 3.7 million rai of paddy land unused. 
The results in Table 35 show that if the croppable rice area is 
expanded by 5.2 million rai (Solution A) the use of purchased inputs (e.g., 
fertilizer and seed) would decline by .2 billion baht. In Solution F 
the area planted to RD varieties is estimated to be 10.2 million rai 
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Table 35. Estimated crop income and resource use for Thailand in B.E. 
2524 with full target achievement in Solution A compared to 
the no-change situation for Solution F 
Item 
Net crop income bb 
Cost of nonlabor inputs bb 
Rice production tt 
Rice exports mt 
Maize exports mt 
Resources used: 
Deep flood paddy Ll mr 
Irrig. paddy, WS L2W mr 
Irrig. paddy, DS L2W mr 
Rainfed paddy, WS L3W mr 
Upland area planted L3W mr 
Upland area planted L4W mr 
Total crop labor WS md 
Total crop labor DS md 
Rice area, native variety mr 
Average yield per rai kg 
Rice area, RD variety mr 
Average yield, RD variety tr 
Rice area fertilized tr 
Tons fertilizer tt 
Fertilizer per rai fert. kg 
Supply price (Central Plain) 
Nonglutinous paddy bt 
Glutinous paddy bt 
Estimated 
B.E. 2514-15 
36.5 
10.4 
11.6 
1.6 
1.8 
2.2 
9.2 
2.0 
3.2 
19.1 
17.4 
807 
146 
46.2 
245 
1.0 
459 
14.1 
210 
15 
A 
57.0 
18.2 
16.1 
2.6 
3.0 
2.9 
19.5 
3.0 
30.8 
29.7 
29.8 
1,025 
263 
49.5 
239 
6.5 
414 
18.0 
405 
22 
2,869 
2,769 
Solution 
F 
51.2 
18.4 
15.3 
1.8 
3.0 
2.9 
10.2 
1.8 
37.9 
29.5 
30.6 
1,031 
254 
42.7 
254 
10.3 
414 
18.5 
455 
25 
803 
642 
A-F 
5.8 
-.2 
.8 
.8 
0 
0 
9.3 
1.2 
-7.1 
.1 
-.9 
-6 
9 
6.8 
-15 
-3.8 
0 
-.5 
-so 
-3 
2,066 
2,127 
aAbbreviations used: bb =billion baht, tt = thousand tons, mt = 
million tons, mr =million rai, md = million mandays, bt = baht per ton, 
WS = wet season, DS = dry season, and kg = kilogram. 
bSolution A-F divided by the 9.6 million rai change in the irrigated 
area. 
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which is some 9 million rai more than was planted in B.E. 2514-15. With 
no increase in irrigation or the rate of fertilizer application per rai, 
the maximum production potential for rice at 2,800 baht per ton is esti-
mated to be 15.3 million tons. If the area planted to RD varieties remains 
at the B.E. 2513 level, the maximum production potential would be only 
about 13.8 million tons. 1 By similar calculation, if the area planted to 
RD varieties in Solution F is equal to the 6.4 million rai shown in Solu-
tionA, the maximum production potential would be about 14.7 million tons 
paddy. 
The expansion in land area, however, would have a significant effect 
on the farm supply price of rice. In Solution F the quantity of purchased 
fertilizer, seed, machine use, and transportation cost accounts for only 
515 baht of the 2,869 baht minimum farm price shown in Table 35. The re-
mainder of the price is a rent which arises because of limitations on land 
and labor. When the land area is expanded as in Solution A, the returns 
to land decline rapidly and so does the minimum supply price. The decline 
in price between Solutions A and F would have been less if the maximum 
size of the rice market had not been limited to 16.1 million tons in Solu-
tion A. In the model, rice exports were valued at a constant wholesale 
price of 2,800 baht per ton of paddy up to the export limit. When the 
export target was reached, the demand was assumed to be perfectly inelastic. 
Future studies will hopefully incorporate a less than perfectly inelastic 
demand equation for both domestic and foreign rice demand. The present 
1Estimated by multiplying the yield difference between RD and native 
varieties by 9 million rai and subtracting from 15.3 million tons (15.3-
9 (.175)). 
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results are, however, characteristic of price fluctuations caused by 
shifts in supply for a commodity with an inelastic demand. 
The impact of the increased irrigation area on total wet season 
employment is small. The total area of wet season paddy used would be 
seven percent greater with Solution A than Solution F. However, ferti-
lizer requirements are less with Solution A. Each additional rai of 
irrigated wet season paddy made available is estimated to increase farm 
income by 247 baht and reduce production costs by 21 baht. The use of 
irrigated land in the wet season would increase by .96 rai and dry season 
use increase by .13 rai for each rai made available in the wet season. 
However, the increased income is dependent on the assumption that farm level 
paddy prices would be supported at 2,500 baht. If incomes are valued at 
the supply price shown in Table 35, farm income would decline sharply as 
the irrigated area expanded. In the absence of an effective support mecha-
nism, farm income would be higher without the expanded irrigation area. 
Employment (Table 36) is measured both with respect to the number of 
total million man days of labor for the wet season and by number of man 
days employed during the peak labor month in each region. Solutions A 
and F each use only 43 percent of the total man days of labor available 
during the entire wet season, In the dry season 17 percent and 16 percent 
of the total crop labor is utilized with Solutions A and F, respectively. 
The peak month employment figures in Table 36 show that about 75 percent 
of the available crop labor would be utilized. The total labor use for 
the Kingdom is little affected by the increased irrigated area. The 
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increased irrigation area has very little effect on wet season employment 
in this study because the difference in total production between Solutions 
A and F is less than 800,000 tons. 
Table 36. Estimated labor use for the wet season and for the peak month 
in each region of Thailand for Solutions A and F in B.E. 2524 
Region Period Supply of Use of Cror Labor Crop A F 
Labor Used % Use Used % Use 
(mda) (md) (%) (md) (%) 
Northeast w. s. b 1,218 388 22 403 33 
July 150 108 72 107 71 
North w.s. 544 249 46 275 so 
December 68 54 80 58 85 
Central Plain w. s. 285 259 87 219 77 
September 48 33 70 35 74 
South w.s. 284 140 49 134 47 
December 38 32 85 28 74 
Kingdom w. s. 2,393 1,025 43 1.031 43 
SumC 303 227 75 227 75 
amd = million man days. 
b w. s. wet season. 
cSum of peak months in each region. 
The wet and dry season labor use is further summarized on a per worker 
basis, by region, in Table 37. The benefit of the expanded irrigation in 
terms of income and employment will occur mainly in the Central Plain where 
most of the increased irrigation is planned. The net value added from 
crops per worker increases as the irrigation area is expanded in all regions. 
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although, employment would decline slightly in the Northeast and North 
as shown in Table 37. The average worker in the Central Plain is esti-
mated to receive an additional 15 days of work in the wet season and 7 
days in the dry season. 
Table 37. Net farm crop income per crop worker and hours of wet and dry 
season employment per crop worker under plan Solutions A and F 
Northeast 
A F 
Net income, baht 2,013 1,614 
Man days/worker, ws 65 67 
Man days/worker, DS 
Central Plain 
Net income, baht 11' 151 9,237 
Man days/worker, ws 131 115 
Man days/worker, DS 49 42 
A-F A 
396 6,036 
-2 92 
922 5,561 
15 93 
7 57 
North 
F 
5,797 
102 
South 
4,644 
89 
55 
A-F 
125 
-10 
501 
4 
2 
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V. COMPARISON OF ALL SOLUTIONS 
The net value of crop production from rice and upland crops in B.E. 
2524 are shown in Table 38 and in Figure 14. In the seven solutions con-
sidered, the factors which have the most effect on income and employment 
are the development of irrigation areas and the level of exports. The 
estimates of total value added from crops in B.E. 2524 (from production 
valued in B.E. 2518 price) varied between 49 and 57 million baht. The 49 
billion baht estimate is from a situation with low demand (low exports plus 
low population growth) and the 57 billion baht income estimate is for a 
situation with high demand (high exports plus high population growth). 
The level of exports isshown to be more important than the rates of popula-
tion growth in determining income levels over the next five-year period. 
(Solutions A vs. D and A vs. C). The maximum difference between income 
in all solutions is 8.4 billion baht or 1,770 baht ($87) per household. 
Substantial underemployment or unemployment is expected by B.E. 2524 
if the agricultural labor force expands at the same rate as the population. 
Only 39 to 40 percent of the total crop labor supply would be used. During 
the month of peak use, 66 to 70 percent of the labor force would be used. 
Labor use during the dry season irrigation vary between 2 2nd 4 million 
rai. A difference of 2 million rai of dry season irrigation will have 
only a small effect on a labor force which will be more than adequate to 
plant 83 million rai in the wet seasoo. 
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Figure 14. Comparison of net valued added from crop production in 
Thailand from rice and from upland crops for Solutions A 
through F for B.E. 2524 and as calcttlated for B.E. 2514-15 
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The projected levels of employment are low for two reasons. First, 
the land area in agriculture is assumed to remain at current levels. 
That is, the historical means of providing employment for an expanding 
Thai population by increasing the agricultural land area is removed. The 
other limiting factor is the size of the market. Production resources are 
expected to be constraining only in Solution F. The total production 
targets can be met in all other solutions with land and labor resources 
left over (Figure 15). 
Figure 16 shows that essentially all the available land area for rice 
production will be utilized. The quantity of inputs such as fertilizer 
and new crop varieties required to meet production targets declines as the 
land area is augmented by additional irrigation. Additional rice produc-
tion over the targets through increased use of fertilizer and new rice 
varieties is possible in Solutions A through D. The combined area of rain-
fed paddy (land 3) shown in Figure 16 represents only about 60 percent of 
the total amount of land in that classification. The additional amounts 
of this type of land which are suitable for rice production in the average 
year will receive attention when the processing of current surveys is 
completed. 
The results based on assumptions in this study show that the targets 
for upland crops can be met. Figure 16 shows considerable quantities of 
the upland area to be unused. However, a subclassification of the upland 
area according to a crop suitability for each soil type is underway. When 
this task is completed, a more accurate and refined treatment of upland 
crops can be made. It is expected the revised results will indicate less 
excess upland area than is shown in the current study. 
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Rice Production 
The results indicate that maximum rice production targets associated 
with Solutions A through E can be met if the realized expansion in irri-
gation area. adoption of new rice varieties, and applications of fertilizer 
reached the levels shown in Table 38. Results for Solution F indicate 
the same 16.1 million ton rice target assumed for Solution A cannot be met 
with current land capacity given current trend rates of new rice variety 
adoption and no further increase in fertilizer application rates. In 
Solution F, only 1.76 million tons of a possible target of 2.56 million 
tons would be available for export. 
Employment in Solution F would be approximately 1.2 percent larger 
and net farm income would be about 3 percent larger if the full production 
1 target can be met. Expansion of irrigation projects. seed multiplication, 
and promotion of management techniques lie within the domain of the public 
sector. Continued progress in this sector will be required if the Thai 
share of the rice export market is to be maintained. 
Effect of Development Situations on the 
Supply Price of Rice 
The increase in the irrigation area is shown to have considerable 
influence on the minimum price farmers \muld have to receive if the cor-
responding production targets are to be met. The minimum supply price for 
each solution is shown against the corresponding irrigation area jn Figure 
17. The fluctuation in the minimum supply price of rice occurs because 
1Based on assumption of 20.8 hours labor and 1950 baht net income per 
ton of paddy in Solution F. 
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Figure 17. Minimum price of nonglutinous rice necessary to cover the 
cost of exogenous inputs plus returns to land and labor along 
with the irrigated area used to meet production targets in 
Solutions A through F 
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of changes in the amount of return which is imputed to land and labor in 
each solution. The value of land and labor is determined within the model 
for each solution. Wage rates and land rents are not predetermined. 
Because agriculture is the dominate employer and user of land, it is 
argued that the value of land and labor should be determined within the 
agricultural sector. In Solution F, the Central Plain supply price per 
ton of nonglutinous paddy is estimated to be 2,800 baht. However, the 
cost of nonlabor exogenous inputs is about 600 baht per ton. The remain-
der of the price represents a return to land and labor. When the irriga-
tion area is increased, the supply price of rice can decline rapidly as 
land becomes less limiting. Observed farm prices have been as low as 
630 baht per ton in B.E. 2513-14 and as high as 2,200 baht per ton in 
B.E. 2517-18. The value of exogenously inputs in the model compare favor-
ably to those estimates in Table 39. The total rice production costs in 
Table 39 are from a separate study by the DAE (1974) (based on surveys 
since the model was constructed) have been divided according to variable 
cost, land rent, and other cost. The data in Table 39 indicate that re-
turns to land and labor make up a large portion of the observed market 
price of rice. 
Relationship Between Exogenous Inputs 
and Irrigation Area 
In Figure 18 the aggregate value of exogenous inputs used in rice 
production is arrayed against the use of irrigation land in rice production 
in the various solutions analyzed. The value of exogenous inputs include 
the value of farmer-supplied inputs (e.g., draft animals) plus purchased 
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Table 39. Estimated variable cost, labor cost, land cost, and other 
expenses per ton of paddy in each region of Thailand for B.E. 
2518-19 
Region Yield Variable Value Value Other Total 
kg/rai Cost Labor Land Expense Cost 
Northeast 213 362 922 399 327 2,010 
North 254 355 724 424 232 1' 726 
Central Plain 278 868 294 529 294 1,985 
South 285 430 1,129 144 304 2,007 
Kingdom 265 471 807 423 229 1,930 
SOURCE: Retabulated from "Cost of Paddy Production" (in Thai), 
Office of Production Economics, Division of Agricultural Economics, Agri-
cultural Economics Document No. 96. January 1976. 
inputs such as seed, fertilizers, and machine services. The value of 
labor and land inputs is not included. In Figure 18 the vertical axis 
shows the total value of exogenous inputs required for a particular level 
of irrigation area and the resulting total production of rice in million 
tons. For example, the amount of rice production for Solutions A and E 
is the same, 16.1 million tons. The 16.1 million ton target in Solution 
E can be achieved by the use of 8.5 billion baht of exogenous inputs and 
only 12.1 million rai of irrigated rice land. The same 16.1 million ton 
production target was achieved in Solution A with 7.8 million baht of 
exogenous inputs and 22.5 million rai of irrigated rice land. The quan-
tity of exogenous inputs is shown to be 1.5 billion baht greater if the 
irrigation is not increased than if the maximum irrigation targets ~an be 
met. In Solutions Bl and B2 the production target is 15.8 million tons 
and can be achieved with 7.5 million baht of exogenous inputs and 16.4 
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million rai of irrigated rice land. For Solution D (low export level), 
the production of 15 million tons of rice would require 7.3 billion baht 
of exogenous inputs and 21.9 million rai of irrigated land. 
Variable cost 
(billion baht) 
8.5 --lC E 16.1 I 
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Figure 18. Variable cost or value of exogenous inputs and the use of 
irrigated land in rice production along with the quantity 
16.4 
16.1 
of rice produced for Thailand in B.E. 2524 and as calculated 
for B.E. 2514-15 
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The variable inputs shown on the vertical ;J.Xis of Figure 18 
represent the value of both farmer-supplied inputs and purchased inputs. 
The quantity of purchased inputs is expected to vary between 3.6 and 5.2 
billion baht. Purchased inputs are more sensitive to irrigation area 
development than total inputs because the requirements for seed and fer-
tilizer necessary to produce a given level of output increase rapidly 
as the irrigated and total rice land area become limited. 
The estimated rice area planted to RD varieties and the amount of 
fertilizer used in each solution is shown in Figure 19. The resulting 
target areas to be planted to RD varieties vary from 6 to 12 million rai. 
The implied annual compound growth rates for area planted to RD varieties 
vary between a low of 19 percent for Solution D to a high of 31 percent 
for Solution E. In the case where the export demand is fixed or very 
inelastic, the use of capital inputs such as new varieties and fertilizer 
vary inversely with the amount of rice land available. 
Upland Crops 
The upland crops have not received the emphasis given to rice in 
this study. The main question pertaining to upland crops in all solutions 
is the feasibility of meeting the upland production targets. 
The production targets for the alternative levels of export and 
domestic demand can be met in all solutions with current production tech-
nology. The utilization of the upland area in each solution is shown in 
Figure 15. The possibilities for further expansion in exports of upland 
crops with respect to availability of suitable soil types is currently 
being investigated. The results are dependent on the assumption that the 
120 
annual croppable upland area can expand from 29 million rai to at least 
40 million rai for a high export situation (Solution C). The estimated 
area planted to upland crops in the low export solution (D) is 30 million 
rai. 
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Figure 19. Estimated area planted to RD rice varieties and total 
fertilizer applied to rice for Thailand in each solution 
for B.E. 2524 and as calculated for B.E. 2515 
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The area planted to each of the major crops in the respective 
solutions is summarized in Table 40. The results in Table 41 (also see 
Figure 13) indicate that the area planted to upland crops will be in-
fluenced most by the developments in markets outside Thailand. At the 
Kingdom level, the influence of irrigation area on upland crop production 
is small. This is because the upland crop potential in the irrigated 
areas is limited to the dry season. The alternate levels of dry season 
irrigation area considered in this study vary between 4 and 6 million rai. 
Since both rice and upland crops must compete with the dry season irriga-
tion area, the effect on the total irrigation area planted to upland crops 
was small. The upland area planted to maize and other crops is greater 
in the B2 solution than in the Bl solution. The income constraints force 
a shift in the area planted to the Northeast. The Northeast yields are 
expected to be lower than for other regions so a larger total planted area 
is necessary to obtain a fixed level of production. 
Relationship to the nonagricultural 
sector 
The estimates of total farm income or valued added in Table 41 include 
both crop income estimates from the linear programming model and exogenous 
agricultural income. The value of production from livestock, fruits, 
vegetables, fishing, and forestry is assumed to be exogenous to this study. 
The expected net income from these other agricultural enterprises in B.E. 
2524 is expected to be 13 billion baht. 
The formal linkage between the macro-econometric model and the linear 
programming model has not been completed. However, the impacts of the 
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Table 40. Estimated area planted to major upland crops for Thailand in 
each solution for B.E. 2524 and for B.E. 2514 
Crop B.E. Solution 2514a A Bl B2 c D E F 
(million rai) 
Maize, sorghum 6.7 13.9 11.7 12.7 13.8 9.2 13.8 13.7 
Sugar cane 1.0 2.0 1.7 1.7 2.0 1.3 1.9 2.0 
Kenaf 2.2 2.2 2.0 2.1 2.2 1.8 2.2 2.2 
Cassava 1.6 3.6 3.0 3.4 3.7 2.4 3.8 3.8 
Rubber 7.0 8.0 7.0 7.7 8.0 6.4 8.0 8.0 
Cotton . 3 .8 .9 .9 .9 .8 .9 .8 
All Bean 2.7 6.5 6.2 5.8 6.6 5.6 6.5 6.5 
Groundnut .8 . 7 . 7 . 7 .8 . 7 . 7 . 7 
Mung beans .9 4.1 4.0 3.6 4.2 3.6 4.1 4.2 
Soybean .3 . 6 .4 .6 . 7 .5 . 7 .7 
Other 1.4 2.7 2.6 3.1 2.7 2.7 2.7 2.7 
Table 41. Value of Thailand's crop income, and other agricultural income 
in B.E. 2524 and the estimated number of associated nonfarm 
workers and levels of nonfarm income created from each solution 
Unit a Solution A Bl B2 c D E F 
Net crop income BB 57.0 53.3 52.9 57.7 49.3 55.5 51.2 
Other ag income BB 13.0 13.0 13.0 13.0 13.0 13.0 13.0 
Net farm income BB 70.0 66.3 65.9 70.7 62.3 68.5 64.2 
No nag output BB 63.0 59.7 59.3 63.6 56.1 61.7 57.8 
Nonag income BB 50.4 47.4 47.4 50.9 44.9 49.3 46.2 
No nag employment MW 1.8 1.7 1.7 1.8 1.6 1.8 1.6 
----------------
a Abbreviations are: BB = billion baht and MW= million workers. 
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alternative levels of agricultural output on the nonagricultural sector 
have been approximated by the use of multipliers from the macro-econometric 
model of Thailand. 1 
The multipliers for changes in net farm income on the nonagricultural 
output, income, and employment were .9, .72, and .0025, respectively. 
The levels of estimated net farm income for the alternative solutions in 
Table 41 vary by 8 billion baht. The implied variation in nonagricultural 
output and income are 7 and 6 billion baht, respectively (Table 41). The 
effect on the nonagricultural employment would be as much as 200,000 jobs. 
Regional implications of alternative 
development situations 
The estimated levels of net income per household in each region for 
the alternative development strategies or market situations are summarized 
in Table 42 and Figure 20. The estimates of net farm income or value added 
from agricultural production include estimates from sources both endogenous 
and exogenous to the crop model. Figure 20 shows the regional differences 
in net farm income which are expected in B.E. 2524. 
The highest net farm income per household in all solutions is in the 
Central Plain. The region with lowest income in all solutions is the 
Northeast when production is allocated to the agroeconomic zones with the 
greatest comparative advantage. Solutions A, Bl, C, D, E, and F net farm 
income would increase relative to B.E. 2415 in all regions except the 
Northeast. For a given market size (Solutions Bl and B2) any increase in 
1stephenson, J. and Kajonwan Itharattana. Macroeconometric Analysis 
of Economic Activity in Thailand. Ministry of Agriculture and Cooperatives. 
Bangkok, Thailand. September 1976. 
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Ill Upland crop income 
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Figure 20. Estimated net farm income from rice, upland crops, and from 
other agricultural production for each region, for each 
household from Solutions A through F 
125 
the income in the Northeast carne at the expense of income in the North 
and Central regions. The benefits from an increase in exports (Solutions 
D and A) are expected to accrue first to the North, Central Plain, and 
South regions. The Northeast is a region with a large population hut with 
less productive land resources than the remaining regions. The results 
of Solution B2 illustrate the difficulty in trying to alter the pattern 
of income distribution and increase Northeast income through increased 
production with current crops and crop production technology. In Solution 
Bl, the idle upland available for each household in 3.1 rai. In Solution 
Bl the average net income per rai of upland crops is 360 baht. In Solu-
tion B2 (Table 19), 5.5 rai of upland crops per household are planted 
leaving only about .3 rai per household unused. Any further increases were 
in income for the average Northeast household with current technology 
would be minimal. 
Table 42. Estimated farm income a from crops and livestock for each net 
region of Thailand in B.E. 2524 for each solution 
Region 
Northeast North Central Plain South Kingdom 
2'J14b 
(thousand baht) 
B.E. 7.2 14.5 24.4 12.4 13.1 
B.E. 2524 
A 6.6 17.0 28.6 15.2 16.4 
f',} 6.6 15.6 27.5 13.6 13.9 
B2 7. 7 14.2 26.4 12.9 14.9 
c 6.6 17.0 29.3 15.2 18.5 
D 6.2 14.4 25.2 15.2 16.2 
E 6.8 17.4 26.9 11.8 12.2 
F 6.6 16.5 24.7 13.1 13.5 
alncludes agricultural income from forestry, fishing, fruits, vege-
tables, and livestock. These income estimates were 1.1, 2.9, 5.8, 2.2, 
and 2.7 thousand baht, respectively, per household for the Northeast, North, 
Central Plain, South, and the Kingdom. 
bsirnulated in B.E. 2518 prices. 
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The respective rice production targets for each region and the land, 
labor, and capital inputs for those rice production targets are shown in 
Tables 43 to 46. The relative amounts of irrigation and capital inputs 
for each solution are shown in Figures 21 through 24. The respective tar-
get rates of RD variety adoption and fertilizer use for each region are 
also shown in Figures 21 through 24. 
Figures 22 through 24 show the respective amounts of exogenous inputs 
(measured in B.E. 2518 costs) required for rice production for alternative 
levels of irrigation development in each of the four regions. The total 
rice production in million tons of paddy for each solution is shown on 
the upper part of each regional figure. 
Figure 21 shows the total rice production to vary between 4.3 and 
4.8 million tons for all solutions. Because the production was relatively 
constant, the amount of exogenous inputs would increase as the amount of 
irrigation is reduced. The Northeast is expected to be a rice deficit 
area under all solutions in B.E. 2524. The level of exogenous inputs 
include costs of animal services and other nonlabor farmer-supplied inputs 
as well as purchased inpttts. Purchased innuts (variable capital) from the 
nonfarm sector increased more rapidly than did total input use. This 
is because the value of farmer-supplied inputs such as animal power changes 
less than the use of yield-increasing inputs such as fertilizer when the 
yield per rai is increased. When the total market is nearly constant as 
in the Northeastern and Southern regions, the total requirements for fer-
tilizer and RD varieties are inversely related to the total irrigation 
area available. As shown in Figure 17, the minimum supply price of rice 
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Figure 21. Comparison of irrigation, total exogenous inputs, RD rice 
area, and fertilizer use in the Northeast for rice production 
in B.E. 2524 
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• 
is reduced as increased irrigation area is made available at no cost to 
farmers. If the demand for the final product is inelastic, a relatively 
small increase in production through land area can have a considerable 
impact on the farm price. 
When the total size of the market was expanded in a rice surplus 
area such as in the Central Plain (Solutions D, A, and C), the use of 
variable capital and irrigation inputs expand along with the increased 
irrigation area. 
Regional upland crops 
The area planted to upland crops in each region is shown in Table 
47. The production of crops is allocated among zones and regions accord-
ing to the criterion of economic efficiency in all solutions except B2. 
The area planted to upland crops in each region shows more response to 
alternative levels of demand (Solutions D, B, and A) than to irrigation 
developments. As discussed previously, the purpose of Solution B2 was 
to study the possibility of increasing income in the Northeast through 
increased upland crop production. With current technology, the most ef-
ficient way to increase income from upland crops in the Northeast is by 
an expansion of maize, cassava, and other minor crops. The minor crops 
(shown previously in Table 20) which had potential for increasing income 
included soybeans, groundnuts, and mungbeans. The results for Solution 
B2 indicate that it is possible to increase net income per household by 
1,000 baht over B.E. 2514-15 levels. However, Figure 20 indicates that 
considerable regional differences in income per household would remain. 
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APPENDIX 
/\ppl·ndix T:1ble i\-1. /\ltern<ltivc levcJs of export demand assumed for 
Thai crops in B.E. 2524 
Commodity Export Level High Medium Low 
(thousand tons) 
Rice nonglutinous, paddy equiva 1.604 1,321 944 
Rice glutinous, paddy equiva 96 79 56 
3,000 2,500 2,000 
Rubber 450 400 350 
Cassava 6,568 5,481 4,426 
Sugar, sugar cane equiv 9,999 7,333 4,667 
Kenaf (bailing) 104 78 52 
Mungbeans 125 llO 85 
Soybeans 30 20 10 
Ground nuts 10 7 4 
Castor beans 40 30 20 
Sesame 15 12 8 
Sorghum 300 220 160 
Jute 4 3 2 
Raw cotton 5 4 3 
Tobbaco 40 30 20 
Coconut 300 200 150 
aMaximum quantity which could be exported at specified wholesale 
prices of 2,869, 2,770, and 2,469 baht per ton for nonglutinous paddy, 
glutinous paddy, and maize, respectively. 
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Appendix Table A-2. B.E. 2524 land constraints used for Solutions A, 
C and Da 
Zone 
Deep 
Flooding 
Paddy 
Land 1 
Irrigated 
Wet 
Season 
Land 2W 
Paddy 
Dry 
Season 
Land 2D 
Rainfed 
Paddy 
Land 3 
(thousand rai) 
Zl 
Z2 
Z3 
Z4 
Z5 
Northeast 
Z6 
Z8 
Z9 
ZlO 
North 
Z7 
Zll 
Zl2 
Zl3 
Zl4 
Zl5 
Zl6 
Central 
Plain 
Zl7 
Zl8 
Zl9 
627.0 
1,548.0 
416.0 
2,591.0 
16.0 
320.0 
336.0 
518.965 
182.070 
1,067. 720 
153.334 
415.248 
2,337.337 
1,099.242 
1,173.812 
570.650 
1' 191.000 
4,034.704 
676.638 
6,858.923 
1,266.816 
1,905.213 
798.578 
183.760 
36.500 
11,726.423 
958.800 
219.100 
529.000 
South 1,706.900 
Kingdom 2,927.0 19,805.369 
111.154 4,338.000 
46.486 3,199.000 
379.625 5,048.000 
21.777 4,721.000 
147.426 3,413.000 
706.468 20,719.000 
96.856 
296.132 
162.943 
471.133 
1,027.073 
38.907 
2, 309.071 
245.813 
147.409 
170.304 
4.156 
3.456 
2,004.000 
1,458.000 
920.000 
1,039.000 
5, 421.000 
628.000 
1,827.496 
216.000 
884.000 
87.000 
325.000 
198.000 
2,919.116 4,165.496 
116.021 
7.849 
.000 
1,557.000 
254.000 
121.000 
128.810 1,932.000 
4,776.518 32,237.000 
Upland 
Land 4 
3,035.544 
1,099.113 
2,675.950 
2,034.961 
3,033.613 
11,879.181 
4,513. 772 
2,259.596 
1,654.101 
464.536 
8,892.005 
1,820.963 
978.005 
2,008.995 
1,155.442 
243.735 
1,789.199 
457.311 
12,619.146 
5,586.551 
2,713.860 
2,547.474 
10,847.885 
44,238.217 
aLand type 5 constraint of 104.4 thousand rai not shown. 
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Appendix Table A-3. Land constraints for Solutions Bl and B2a 
Deep Irrigated Paddy Rainfed Upland 
Zone Flooding Wet Dry Paddy 
Paddy Season Season 
Land 1 Land 2W Land 2D Land 3 Land 4 
(thousand rai) 
Zl 358.086 53.896 4,428.970 3,305.544 
Z2 125.628 20.219 3,233.070 1,099.113 
Z3 736.727 173.916 5,296.640 2,675.950 
Z4 105.800 9.800 4,750.400 2,034.961 
Z5 286.521 77.960 3,413.000 3,033.613 
Northeast 1,612.762 335.521 21,120.970 11,879.18 
Z6 627.0 758.477 46.350 2, 181.800 4,513.772 
Z8 1,548.0 809.930 137.109 1,684.470 2,259.596 
Z9 416.0 393.749 113.200 1,041.800 1,654.101 
ZlO 821.790 317.253 1,378.350 464.536 
North 2,591.0 2,783.950 613.910 6,286.450 8, 891.900 
Z7 16.0 446.880 30.374 749.800 1,820.963 
Z11 320.0 4,732.657 1,763.101 2,440.260 978.005 
Zl2 874.103 192.970 593.000 2,008.995 
Z13 1. 314.597 118.279 1,297.530 1,155.442 
Zl4 551.019 94.336 151.730 243.735 
Zl5 126.794 4.156 365.740 1,789.199 
Zl6 25.185 2.287 205.570 457.311 
Central 
Plain 334.0 8,071.240 2,205.500 5,803.630 8,453.650 
Zl7 661. 5 72 69.351 1,800.990 5,586.551 
Zl8 151.179 3.577 321.140 2,713.860 
Zl9 365.000 0.000 229.000 2,547.474 
South 1,177.750 72.930 2' 351.130 10,847.890 
Kingdom 2,927.0 13,645.700 3,227.860 35,544.180 40,072.620 
a Land type 5 constraint of 104.4 thousand rai not shown. 
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Appendix Table A-4. B.E. 2524 land constraints for Solutions E and F 
Zone 
Zl 
Z2 
Z3 
Z4 
Z5 
Northeast 
Deep 
Flooding 
Paddy 
Land 1 
Z6 627 
Z8 1,548 
Z9 416 
ZlO 
North 2,591 
Z7 16 
Z11 320 
Zl2 
Zl3 
Zl4 
Zl5 
Zl6 
Central 
Plain 
Zl7a 
Zl8 
Zl9 
South 
336 
Kingdom 2,927 
Irrigated 
Wet 
Season 
Land 2W 
317.324 
27.644 
471.645 
64.406 
303.448 
1,184.467 
300.748 
283.480 
294.220 
475.077 
1,353.525 
383.445 
5,345.427 
621.953 
539.500 
153.125 
137.602 
17.200 
7,198.252 
393.006 
65.398 
46.670 
505.074 
10,241.318 
Paddy 
Dry 
Season 
Land 2D 
7.048 
o.ooo 
5.068 
Rain fed 
Paddy 
Land 3 
4,476.000 
3,267.000 
5 '421. 000 
0.000 4,801.000 
20.634 3,470.000 
32.750 21,435.000 
5.026 2,419.560 
7.000 2,010.660 
72.501 1,110.210 
191.351 1,698.000 
275.878 7,238.430 
23.592 798.080 
1,316.399 1,827.496 
149.735 
94.445 
32.180 
6.259 
1.330 
1,623.940 
31.16 7 
0.082 
0.000 
31.249 
836.000 
1,829.000 
245.000 
359.000 
211.000 
6,105.576 
2,013.000 
385.000 
437.000 
2,835.000 
1,963.817 37,614.006 
Upland 
Land 4 
3,035.544 
1,099.113 
2,675.950 
2,034.961 
3,033.613 
11.879.181 
4,513. 772 
2,259.596 
1,645.101 
464.536 
8,892.005 
1,820.963 
978.005 
2,008.995 
1,155.442 
243.735 
1,789.199 
457.311 
8,453.650 
5,586.551 
2,713.860 
2,547.474 
10,847.885 
40,072.721 
aLand type 5 constraint of 104.4 thousand rai not shown. 
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Appendix Table A-5. Projected B.E. 2524 agricultural workers, workers, 
workers for forestry, fruits and vegetable production, 
annual hourly livestock labor requirements, and labor 
available for crop production 
Agricultural Workers Workers Labor Hours Crop Labor 
Zone Workers Forestry, for Crop Required Wet Dry Age 15-64 Fishing, and for Season Season 
Fruits and Livestock Livestock 
Vegetables Production Production 
(thousand workers) (million hours) 
1 1, 723 10.4 1' 712.6 450 2,466 1, 726 
2 790 7.1 782.9 122 1,127 789 
3 1,818 12.2 1,805.8 266 2,600 1,820 
4 1,390 7.9 1,382.1 246 1,990 1,393 
5 1,093 6.8 1. 086.2 259 1,564 1,095 
6 907 23.3 883.7 283 1,273 891 
7 269 15.8 253.2 18 365 255 
8 666 39.2 626.8 155 903 632 
9 838 23.9 814.1 229 1,172 821 
10 721 25.4 695.6 204 1,002 701 
11 966 63.7 902.3 60 1.299 910 
12 460 124.1 336.9 29 484 339 
13 285 32.5 252.5 28 364 255 
14 134 54.9 79.1 9 114 80 
15 178 53.6 82.4 15 119 83 
16 118 94.5 23.5 4 39 24 
17 932 63.0 869.0 199 1,244 883 
18 327 28.2 298.8 58 428 304 
19 439 21.8 417.2 54 597 424 
Kingdom 14,052 748.0 13,304.0 2,441 19,145 13,423 
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Appendix Table A-6. Estimated levels of domestic consumption for Thailand 
in B.E. 2524 
Nonglutinous paddy 
Glutinous paddy 
Sugar kg sugar 
Cassava roots 
Coconuts 
Mung bean 
Soybean 
Ground nuts 
Sesame 
Human maize 
Castor bean 
Kenaf 
Rubber 
Cotton 
Jute 
Maize feed 
Sorghum 
Tobacco (Virginia) 
Tobacco native 
Raw silk 
att thousand tons. 
Kilogram/ 
Person 
161.56 
117.30 
130.79 
4.67 
17.35 
2.86 
1.23 
3.45 
.39 
.45 
.07 
Domestic 
Independent 
tta 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
Population Level 
Low Hedium High 
(thousand tons) 
7,784 7,894 8,002 
5,652 5,732 5,810 
6,302 6,391 6,478 
536 543 551 
836 847 859 
138 140 142 
59 60 61 
174 176 179 
19 19 19 
22 22 23 
3 4 4 
Demand Projections 
of Population Levels 
245 245 245 
17 17 17 
134 134 134 
9 9 9 
789 789 789 
18 18 18 
24 24 24 
26 26 26 
1 1 1 
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Appendix Table A-7. Regional constraints on area fertilized and area 
planted to RD varieties by land class for each 
season for each alternative solution for Thailand 
in B.E. 2524a 
Item Solution 
A Bl B2 c D E F 
Northeast 
RD L2 W.S. 533 276 276 533 533 270 135 
RD L3 W.S. 4,019 3,076 3,076 4,019 4,019 4,158 2,079 
RD L2 D.S. 565 269 269 565 565 27 27 
Area Fertilized 9,084 8,958 8,958 9,084 9,084 8,192 6 '718 
North 
RD L2 W.S. 3,163 1,637 1,637 3,163 3,163 1,061 531 
RD L3 W.S. 1,767 1,537 1,537 1,767 1,767 2,360 1,180 
RD L2 W.S. 821 491 491 821 821 221 221 
Area Fertilized 1,834 1,760 1,760 1,834 1,834 1,667 1,020 
Central Plain 
RD L2 W.S. 8,015 4,126 4,126 8,015 8,015 4,905 2,452 
RD L3 W.S. 1,281 2,386 2,386 1,281 1,281 3,357 1,678 
RD L2 D.S. 2,335 1,764 1,764 2,335 2,335 1,298 1,298 
Area Fertilized 8,120 7,100 7,100 8,120 8,120 6,820 6,126 
South 
RD L2 W.S. 710 368 368 710 710 210 105 
RD L3 W.S. 726 661 661 726 726 1,066 532 
RD L2 D.S. 99 58 58 99 99 25 25 
Area Fertilized 1,528 1,482 1,482 1,528 1,528 1,402 l,llO 
Kingdom 
RD L2 W.S. 12,421 6,427 6,407 12,421 12,421 6,446 3,223 
RD L3 W.S. 7,793 7,660 7,660 7,793 7,793 10,941 5,469 
RD L2 D.S. 3,820 2,582 2,582 3,820 3,820 1,571 1,571 
Area Fertilized 20,566 19,300 19,300 20,566 20,566 19,634 14,974 
aThousand rai. 
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Appendix Table A-8. Current area p]anted, trend projections used as 
upper bounds and B2 solution levels for maize, kenaf, 
and cassava in the Northeasf 
Maize Cassava 
Trend B.E.2524 
Zone Current Upper Solution Current Upper Solution 
B.E. 2517 Bound Level B.E. 2518 Bount Level 
B.E. 2524 
(thousand rai) 
Zl 87 120 120b 76 100 0 
Z2 66 110 llOb 3 20 0 
Z3 19 20 20b 199 580 196 
Z4 200 410 410b 67 180 0 
Z5 1,184 2,125 2,125b 471 1,040 1,040b 
NE 1,556 2,785 2,785 816 1,920 1,236 
Kenaf 
Zl 400 680 0 
Z2 220 550 0 
Z3 880 1,537 559 
Z4 510 1,060 1,060 
Z5 680 1,160 464 
NE 2,690 4,987 2,083 
aSource: Division of Agricultural Economics, Ministry of Agriculture 
and Cooperatives unpublished data. 
bB2 solution level at upper constraint. 
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Appendix Table A-9. Region center wholesale pricesa 
Commodity 
Rice, nonglutinous, paddy 
Rice, glutinous, paddy 
Maize, feed use 
Maize, human food 
Sorghum 
Mung beans 
Soybeans 
Black bean 
Kak beans 
Ground nut 
Black sesame 
White sesame 
Kenaf 
Jute 
Cotton 
Castor seed 
Cassava 
Sugarcane, eating 
Sugarcane, manufacturing 
Tobacco, native 
Tobacco, Virginia 
Tobacco, Burley 
Watermelon 
Garlic 
Native silk thread 
Hybrid silk thread 
Rubber 
Coconut 
Unit 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
kg 
fruit 
Northeast 
2.76 
2.66 
2.00 
.28 
1. 55 
4.20 
4.25 
4.79 
4.79 
3.95 
8.48 
8.48 
2.26 
3.24 
4.24 
5.86 
.35 
.86 
.30 
8.00 
16.12 
16.12 
4.00 
6.00 
100.00 
150.00 
North 
2.78 
2.68 
2.05 
.21 
2.25 
4.05 
4.03 
4.03 
4.94 
4.11 
8.48 
8.15 
2.34 
3.24 
5.13 
4.06 
.35 
.49 
.30 
8.00 
20.75 
20.75 
4.00 
4.62 
Central 
2.87 
2. 77 
2.47 
.32 
2.25 
5.31 
5.16 
5.16 
4.94 
4.23 
8.75 
9.01 
2.29 
3.27 
5.30 
6.06 
.45 
1.45 
.30 
8.00 
20.75 
20.75 
1.91 
4.62 
8.00 
1.91 
South 
3.04 
2.94 
.24 
5.33 
4.58 
.24 
1.15 
8.00 
8.00 
1.91 
aRegion center wholesale prices were used because the farm-to-market 
costs are included as part of the production costs on each producing 
activity. 
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Appendix Table A-11. Resource use by agroeconomic zone for Solution A 
Deep Irrigated Rain fed Upland Labor 
Zone Flooding Paddy Paddy Wet 
Paddy Season Season Season 
Wet Dry Wet Dry Plant Harv. 
Ll L2W L2D L3W L4W L5W 
(thousand rai) (million hours) 
Northeast 
Zl 519 111 4,338 197 134 313 184 
Z2 182 0 2,329 432 45 211 115 
Z3 1,068 175 5,048 182 161 449 288 
Z4 153 22 4' 721 274 240 432 231 
Z5 415 147 3,413 3,034 2,978 524 357 
Northeast 2,337 456 19,849 4,120 3,558 1,929 1,175 
North 
Z6 627 1,099 97 2,004 4,514 4,514 507 337 
Z8 1.548 1,174 0 1,548 2,260 2,260 354 306 
Z9 416 571 163 920 310 1,654 90 119 
ZlO 1,191 471 1,039 465 132 158 122 
North 2,591 4,035 731 5,511 7,549 8,460 1,109 884 
Central Plain 
Z7 16 646 39 0 1,821 1,821 179 83 
Zll 320 6,859 1,190 1,827 978 978 425 379 
Zl2 1,267 246 216 2,009 1,999 137 232 
Zl3 1,824 147 884 485 0 175 172 
Zl4 615 170 87 244 244 55 30 
Zl5 184 4 325 1,789 1,789 54 37 
Zl6 37 0 198 61 61 15 15 
Central 
Plain 336 11,432 1,766 3,537 7,387 6,892 1,041 948 
South 
Zl7 958 91 1,557 5,393 5,587 227 346 
Zl8 219 8 254 2,173 2,174 151 164 
Zl9 529 0 121 2,544 2,547 129 100 
South 1,706 99 1,932 10,650 10,848 507 610 
Kingdom 
Kingdom 2, 927 19,510 3,052 30,829 29,706 29,758 4,586 3,617 
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